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ABSTRACT 
This thesis evaluates the economic performance of 20 selected 
F.L.D.A., State and Fringe types of land development schemes in West 
Malaysia. The assessment is made from the commercial, social and 
settlers' viewpoint. 
Part I comprises two chapters: the first contains a statement 
of the problem and a description of the salient features of the schemes, 
while the second sets out the analytical framework. The latter includes 
the derivation of variability measures, which reflect risk, for the 
economic criteria based on the internal rate of return (IRR) and benefit-
cost ratio (B/C). 
The four chapters in Part II (3 to 6) deal with the evaluation 
of inputs and outputs. In Chapter 3 the production patterns of different 
types of rubber trees over a 30-year period are analysed statistically, 
using historical data secured from estates. The yield trends so deter-
mined are employed as guides, allowing also for the different conditions 
prevailing on individual schemes and for the expected technology in rubber 
exploitation, in determining the expected yields in the selected schemes. 
Chapter 4 carries this analysis further by considering in detail the 
composition of rubber yields, the final products therefrom, and their 
expected prices. To determine the expected variance of value output, 
for the purpose of estimating the variability measures mentioned, the 
variances of prices and yields are investigated. 
Chapter 5 deals with the costs relevant to a commercial firm 
and to a settler. It covers the historical costs, extracted from various 
sets of accounts, of establishing rubber over a 7-8 year period and the 
future costs over the whole exploitation cycle budgetted on the basis of 
survey and other data. Chapter 6 evaluates the social costs of develop-
VI 
ment using the Little/Mirrlees method of shadow-pricing. This involves 
splitting each item into expenditures on materials, taxes and factor 
incomes, and then revaluing these components in terms of foreign exchange. 
The economic analyses are undertaken in the six chapters in 
Part III, In Chapter 7 attention is primarily directed to showing that 
public-sector investment in land development schemes is economic from 
the commercial viewpoint, whether the investment is regarded as a 'small-
holding' or an 'estate' operation. Despite their high cost the F.L.D.A. 
schemes are the most profitable commercially. Contrary to common belief 
the Fringe schemes are only marginally inferior to those run by the 
F.L.D.A. when they are regarded as an 'estate' operation, and are amenable 
to considerable improvement through the use of higher-yielding material 
and closer supervision. 
Chapter 8 reveals that public-sector land development is highly 
profitable socially. Although the social profitability differs little 
between types of strategy, the F.L.D.A. and State schemes provide much 
less employment than Fringe developments per unit of public funds involved. 
The F.L.D.A. approach, however, has the great concomitant advantage of 
improving the 'quality of rural life' through the provision of public 
amenities and services. 
Chapter 9 demonstrates that the schemes have succeeded in 
raising the incomes of the settler-families, and that the settlers on 
most F.L.D.A. and some State schemes are now earning a 'reasonable' income, 
The latter target is far from being attained by those on Fringe schemes 
because of the small area of the holdings. Chapter 10 highlights the 
existence of a substantial amount of surplus labour, of a severe lack 
of equilibrium in resource use, and of great possibilities for improve-
ment . 
Vll 
In Chapter 11 the results contained in Chapters 7 and 8 are 
employed to demonstrate the relationships between the IRR, B/C ratio 
and the net present value in respect to the ranking of a set of projects. 
In the final chapter there is first a summary of the conclusions 
reached in earlier chapters (pp.375-379). There is then an overall 
assessment of public-sector participation in land development. This 
focusses on the need for a two-pronged strategy involving both high-
cost F.L.D.A, approach and low-cost Fringe type developments backed by 
centralised administration. The excellent prospects of raising the 
incomes of settler-families through a better use of resources within 
individual farms are also analysed. 
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Part I 
DEFINITION AND APPROACH 
CHAPTER 1 
INTRODUCTION 
This introductory chapter outlines the general problem being 
dealt with. It then goes on to consider the objectives and signifi-
cance of the study, and to examine some major features of West Malaysian 
land development schemes. 
1.1 STATEMENT OF THE PROBLEM 
Like most developing countries West Malaysia is faced with 
serious problems of unem.ployment and under-employment, particularly 
in the rural sector of the economy.^ In an attempt to help remedy 
these the government has, since Independence in 1957, undertaken a 
vast rural development programme. This has been em.bodied in a series 
of five-year economic development plans, whose underlying priority has 
been to provide the necessary facilities and opportunities for the 
rural people to improve their standard of living and social well-being. 
2 
Traditionally, the West Malaysian economy has been based on 
agriculture, which now covers a cultivated area of about 6.5 million 
acres; taken with forestry and fishing it generates about one-third 
of the gross domestic product, accounts for slightly over 60 percent 
of the country's foreign exchange earnings, and provides employment 
for over 60 percent of total labour force. It is considered that 
these proportions are unlikely to change significantly in the foresee-
The unemployment was 6.5 percent of the labour force in 1965 and 8 
percent in 1970. (See Second Malaysia Plan 1971-75, Kuala Lumpur; 
The Government Press, 1971, p.99). 
2 
Figures quoted in this and next two paragraphs are based on 
Second Malaysia Plan, Ibid., especially pp.19, 131 and 1^5, and 
Economic Planning Unit, Private communications, Kuala Lumpur, 
1971. 
able future. The main agricultural crops are rubber, padi, coconut, 
oil palm and pineapple, which together occupy nearly 95 percent of 
the cultivated area. 
There is a serious economic imbalance in the distribution 
of income, employment and ownership of wealth between 'the traditional 
rural sector' and 'the modern rural sector'. According to the Second 
Malaysia Plan, the traditional rural sector comprises uneconomic 
smallholder rubber, single-cropped padi, inshore fishing, dulang 
washing and other traditional agriculture; the modern rural sector 
consists in estate agriculture, various types of land development 
schemes, double-cropped padi, forestry, modern fishing and tin-mining. 
The traditional sector, which occupies more than 60 percent of the 
agricultural land, includes most of those persons who can be regarded 
as economically and socially depressed. It cover'? 2.67 million acres 
rubber, 1.00 million acres padi, 0.49 million acres coconuts and 0.35 
million acres other crops. Whilst the average per capita income in 
West Malaysia is well over $1,000, the majority of rural workers engaged 
in fishing, coconut, padi and rubber cultivation are still earning as 
little as one-fifth of this average. 
The problem of low income, unemployment and under-employment 
is compounded by the fact that persons of Malay origin are much more 
adversely affected than other members of the population; about four-
fifths of the Malays are engaged in agriculture, compared with 11 percent 
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of the Chinese and 30 percent of the Indians. This situation was 
largely responsible for the racial disturbances which broke out on 13 
May 1969, and which led to the suspension of parliamentary democracy 
^Federation of Malaya, Report on Employment, Unemployment and Under-
employment , (Kuala Lumpur: Departm.ent of Statistics, 1962). 
for over a year. Since then the Government has searchingly reviewed 
priorities in national policies; this has resulted in the current New 
Economic Policy, directed to achieving national unity through a planned 
process of economic growth and expansion. The New Policy incorporates 
the two-pronged objective of eradicating poverty and re-structuring 
society, with the ultimate aim of creating 'a united, socially just, 
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economically equitable and progressive Malaysian nation'. 
Naturally, agriculture has a vital role to play in both the 
economic and social development of the country. In this sector, the 
major efforts at improvement have been directed to land development, 
drainage and irrigation, and rubber replanting. The programmes in 
these three areas accounted for more than three-fourths of public 
development expenditures on agriculture over the decade 1960-70. The 
largest single allocation of resources was for land development, with 
the aim of providing land to the increasing number of landless people, 
and of creating farms of economic size based on modern agricultural 
practices. Thus such expenditure was increased from a meagre $17 
million during the First Malaya Plan (1956-60);, to $130 million under 
the Second Malaya Plan (1961-65), and to $310 million under the First 
Malaysia Plan (1966-70). The estimate for the coming quinquennium 
(1971-75) is $795 million and involves a development of over 550,000 
acres of new land. 
The top priority given to land development is natural, since 
land and manpower are both plentiful and can together generate products 
which will increase foreign exchange earnings. At present only about 
6.5 million acres in a total land area of about 32.5 million acres is 
under agricultural crops; a further 9.8 million acres are considered 
'^Second Malaysia Plan, op . cit. , p. 3. 
suitable for agriculture. An expansion in the agricultural area will 
help to maintain the current levels of foreign exchange earnings, which 
will otherwise be substantially reduced if the prices of rubber and palm 
oil continue to fall. Productivity increases in the existing areas 
alone are unlikely to be sufficient for this. Land development can 
also ease the unemployment problem and, if appropriately planned, lead 
to the more balanced distribution of income aimed at under the New 
Economic Policy. 
Much of the land under agricultural crops in West Malaysia 
today was not developed until the turn of the 20th century. Before 
this only the land in or around the kampongs, or villages, was believed 
to be cultivated, predominantly with padi, fruits and other food crops, 
whilst export crops such as coffee, tapioca and pepper were grown on 
limited areas. Rubber was not planted on a large scale until after 
1900, when its production was greatly stimulated by the demand for 
pneumatic tyres and footwear. The suitability of the Malaysian climate 
and the liberal government allocations of land for estate agriculture, 
coupled with the availability of cheap labour from South India and South 
China, led to large commercial rubber plantings. The area under rubber 
grew so rapidly that by 1930 nearly 3.1 million acres had been opened 
up. Of this 61 percent was on 'estates', defined as any planted area 
of rubber under one management and over 100 acres in extent. The 
remainder was on 'smallholdings', defined as planted areas below 100 
acres. Subsequently the rate of planting slowed down considerably, 
and the estate sector never regained its early momentum. There was 
little expansion in the agricultural area between the early thirties 
and the late fifties, due mainly to the Great Depression and the 
International Rubber Restriction Scheme in the thirties, to the Second 
World War and the Japanese Occupation from 1941-455 and to the State 
of Emergency necessitated by guerilla activity from 1948 to 1960, 
Until the late fifties investment in new land developrr;ent was almost 
entirely undertaken by the private sector. The capital of the estate 
industry was, and still is, predominantly foreign-owned.^ 
The end of Emergency in 1960 was a watershed in the history 
of land development in West Malaysia. It saw the beginning of active 
participation of the public sector in the settlement of the landless. 
The growth of private investment in land development continued to be 
sluggish, however, notwithstanding the political stability and pros-
perous economy. The planted area of rubber estates in West Malaysia 
declined from 1.96 million acres in 1950 to 1.94 million acres in 1960, 
and to 1.59 million acres in 1970; against this the corresponding 
areas on smallholdings were 1.73, 2.11 and 2.67 m.illion acres. Several 
factors contributed to this downward drift in the estate rubber area. 
First, there was the fragmentation^ of estates into smallholdings as a 
result of sale of European-owned estates, a process further exaggerated 
by pseudo-subdivision as local owners contrived to take advantage of 
the higher replanting grants offered to smallholders.^ The latter 
phenomenon was regarded as socially and politically undesirable, and 
In 1970, foreigners (including citizens of Singapore) were reported to 
own about half the rubber estate area, three-quarters of the oil palm 
and coconut acreages on estates and 62.1 percent of share capital of 
limited companies in West Malaysia. (Second Malaysia Plan, op•cit., 
pp.39-40). 
^For a detailed account of this subject, see Ungku Aziz, Subdivision of 
Estates in Malaya 1951-60: A report on the pattern of^ subdivision of 
rubber estates in the Federation of Malaya during the'period 1951-60, 
together with a study of the causes of subdivision and its economic 
and social effects. (Kuala Lumpur: University of Malaya, September 
1962). 
^For a discussion of this 'abuse', see Lim. Chong Yah, 'The Malayan 
Rubber Replanting Taxes', Malayan Economic Review, Vol. VI, No.2, 
October 1961, pp.43-52. 
was stopped by the various State Governments. New private invest-
ment in rubber has been discouraged, too, by the fall in rubber prices 
since 1960. Old rubber has been replaced instead by oil palm. The 
State Governments have also further restricted the alienation of fresh 
land for newplanting by the private sector. 
^ut the active participation of the public sector in land 
development over the last decade has more than offset the lack of 
private sector expansion. Even as far back as 1955 it was reported 
that there were over 100,000 applications for land by small farmers 
g 
or landless persons in various parts of the country. While some of 
these were admittedly speculative in nature, there was a definite 
indication of 'land-hunger'. The sense of urgency over land develop-9 
ment was greatly stimulated in 1954 by the Mudie Mission Report 
(although this was mainly concerned with the replacement of uneconomic 
rubber with high yielding planting material) and by the World Bank 
Report^^ a year later; both reports stressed the need for planned 
expansion of agricultural acreage. Following these, and with the 
prospect of achieving national independence, the Government of the 
time began to undertake large-scale land development along the lines 
suggested. 
In August 1955, a Working Party^^ was set up to assess the 
need for land settlement as a means of overcoming the land hunger 
Q 
Federal Land Development Authority, Annual Report and Accounts: 
Twelve Months to 30th June 1963. Kuala Lumpur, p.45. Q 
R.F. Mudie et al., Report of the Mission into the Rubber Industry 
of Malaya (Kuala Lumpur: The Government Press, 1954), pp.11-13. 
^^International Bank for Reconstruction and Development, The 
Economic Development of Malaya (Baltimore: The John Hopkins Press, 
1955), pp.49-64. 
^^Federation of Malaya, Report of the Working Party Set Up to 
Consider the Development of New Areas for Land Settlement in the 
Federation of Malaya. (Kuala Lumpur: The Government Press, 1956). 
problem in the Federation of Malaya, It recommended the setting up 
of a Federal Land Development Authority to ensure a planned and co-
ordinated development of land. This statutory body, popularly known 
as 'the F.L,D,A,', was established in July 1956 under the Land Deve-
lopment Ordinance 1956 (No,20 of 1956), The Working Party also 
recommended that new land settlement schemes should be based on rubber, 
and not subscribe to the traditional Malay preference for padi. 
While the idea of the F.L.D.A, was being conceived, the 
various State Governments, under pressure from the heavy demand for 
land, started both 'subsidised' and 'unsubsidised' block newplantings. 
Nevertheless by the end of the First Malaya Plan, which coincided with 
the end of Emergency, it was felt that the rate of land development had 
failed to keep pace with the growth in new farm families and that 
assistance to farmers with insufficient land was almost completely 
neglected. To cater for the latter 'Fringe Alienation Schemes', to 
be described later, were also introduced. In addition, the Land 
(Group Settlement Areas) Act 1960 made it possible for any bodies 
sponsored by the Federal Government to undertake land development 
schemes directly. Backed by this legislation, which was necessary 
because the State owns all the land rights under the Federal Constitu-
tion, the F.L.D,A, has since been able to acquire title, develop the 
land and recruit settlers to maintain the subdivided lots within each 
scheme. When all expenditures incurred in such development have been 
repaid by settlers, the developed land is returned to the State which 
then issues separate 99-year land titles to individual lots. 
Up to now practically all areas in the land development 
schemes have been developed either by the F.L,D,A, or the State 
Government, Two other agencies have recently begun to be more 
involved in block newplanting however. These are the Federal Land 
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Consolidation and Rehabilitation Authority (FELCRA) and Rubber 
Industry (Replanting) Board (R.I,(R).B.). The function of FELCRA, 
established in 1966 and re-organised in 1970, is (a) to take over and 
rehabilitate existing unsatisfactory land development schemes originally 
sponsored by State Governments, (b) to consolidate uneconomic holdings, 
primarily in the padi areas, and (c) to develop new land schemes. Up 
to the end of 1971, 25 State-sponsored land development schemes, 
comprising 21,624 acres of rubber farmed by over 3,360 settlers, had 
12 
been taken over for rehabilitation. Consolidation of uneconomic 
holdings has not yet been attempted because of political and social 
difficulties. With respect to new land development, FELCRA started 
with a 494-acre project in 1970 and is expected to embark upon a pro-13 
gramme totalling 25,000-40,000 acres under the Second Malaysia Plan. 
The function of FELCRA in new land development is to assist the State 
Governments in opening up the Federally-financed 'youth' schemes 
(elaborated below) and to supplement the work of F.L.D.A. by developing 
new land in smaller blocks than the normal F.L.D.A. schemes. 
As its name implies R.I.(R),B. has been largely concerned 
with replanting since its establishment in 1952, though some newplanting 
has also been done; its great achievements have been subsequently 
described as 'the most ambitious modernization programme ever undertaken 
in tropical agriculture'.^^ At the end of 1970, only about 63 percent 
of smallholding acreage was under high-yielding rubber, compared with 
over 90 percent on estates. The remainder, mostly Malay-owned and in 
^^Federal Land Consolidation and Rehabilitation Authority, private 
communication, Kuala Lumpur, 1971. 
13 Second Malaysia Plan, op.cit., p.134. 
^^Federation of Malaya, Official Year Book 1962 (Kuala Lumpur: The 
Government Press, 1963), p.299. 
small plots, was under low-yielding material; these areas need to be 
rejuvenated in order to raise rural income and to strengthen the com-
petitive position of the natural rubber industry vis-a-vis synthetic 
rubber. It is therefore planned to increase the rate of replanting 
in West Malaysia to 120,000 acres annually in 1971-75.^^ To 
encourage replanting, R.I.(R).B. provides rubber smallholders owning 
less than five acres with a grant to newplaat in a block newplanting 
scheme an area equivalent to that already owned by him.^^ The Second 
Malaysia Plan has set a target of 150,000 acres to be developed on 
this basis, both to encourage replanting and to provide additional 
income to small rubber growers. 
Over three-quarters of the area alienated for public sector 
land development in West Malaysia is now planted with rubber, and 
practically all the remainder with oil palm. The emphasis on rubber 
is natural because of the extensive knowledge and experience gained 
through the years and the strong research base for further improvement. 
From the national viewpoint, too, it is vital to consider a suitable 
long-term commodity mix in export crop production; it would appear 
desirable for the public sector to concentrate on rubber because the 
private sector is likely to invest more on oil palm, it being slightly 
more profitable in the foreseeable future. In addition, the fact that 
rubber is more labour intensive than oil palm (see Table 10.11) makes 
it advantageous from the point of view of providing employment. 
Rubber plays a dominant role in the economy of the country 
in general, and in agriculture in particular. It occupies about two-
thirds of the total land under agricultural crops, provides employment 
^^Second Malaysia Plan, op.cit., p.135. 
^^Rubber Industry (Replanting) Board, Report on Operations for the Year 
1961 by the Chief Replanting Officer, Kuala Lumpur, 1962, p.13. 
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to one-third of the economically active population, accounts for 
slightly less than one-sixth of the gross domestic product and contri-
butes about 35-40 percent of total export revenue. In 1971, nearly 
63 percent of the 4.4 million acres of planted rubber was under small-
holdings, over half of which were less than 10 acres in extent. Land 
development schemes, each consisting of separate holdings of 4-8 acres 
in size, are classified in the smallholding sector. Table 1.1, indi-
cating the acreage of rubber and oil palm developed under different 
types of scheme, shows that there were some 1,090 schemes covering 
about 791,400 acres at the end of 1970. The four major types of land 
development scheme are 
(a) Federal Land Development Authority (F.L.D.A.) Schemes. 
in which projects are planned and implemented by the F.L.D.A., a spe-
cialized national agency. All development costs are fully financed, 
including expenditure on settlers' houses and on a sophisticated general 
management. 
TABLE 1.1. DETAILS OF WEST MALAYSIAN LAND DEVELOPMENT SCHEMES, 
DECEMBER 1970 
Type of scheme No. of 
Main crop area ('000 acres) 
schemes Rubber Oil Palm Both 
F.L.D.A. 90 
/ 
147.8(24.0)^ 160.6(91.5) 308.4(39.0) 
Fringe alienation 398 135.3(22.0) - 135.3(17.1) 
State 70 37.0( 6.0) - 37.0( 4.7) 
Other subsidised 141 66.7(10.8) 14.4( 8.2) 81.1(10.2) 
Unsubsidised 391 229.0(37.2) 0.6( 0.3) 229.6(29.0) 
Total 1090 615.8(100) 175.6(100) 791.4(100) 
Figures in brackets denote percentages. 
Sources: Computed from unpublished data secured from (i) Rubber 
Research Institute of Malaya, Kuala Lumpur, 1971, (ii) 
Federal Land Development Authority, Kuala Lumpur 1971, 
(iii) Ministry of Lands and Mines, Kuala Lumpur 1971 and 
(iv) various State Governments. 
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(b) Fringe Alienation Schemes, in which projects are 
established by individual State Governments to supplement the income 
of smallholders already farming uneconomic units in nearby areas. 
These schemes are partially financed with Federal funds, together with 
some subsidies by the State Governments. 
(c) State Schemes, in which projects are established with 
either full or partial financing by the State Governments concerned. 
Certain State schemes are patterned on those run by the F.L.D.A., but 
neither the infrastructure or management is so sophisticated, 
(d) Unsubsidised Schemes, in which the projects have been 
financed almost entirely by participants, only the alienation fees 
being advanced by the State Governments. 
The four types of scheme described above accounted for about 
92 percent of the total land development acreage in 1970. With the 
exception of ex-servicemen who were given top priority, settlers on 
these schemes were chosen on a points system in which age, family 
size, experience and land ownership were the main criteria. 'Other' 
schemes, which were developed by State Governments and most closely 
resembled Fringe schemes, made up the balance. These other schemes 
included 5,300 acres in 'youth' schemes, which were developed in 
1966-70 for unemployed youths. These are under rigid and centralized 
control and appear to be satisfactory; they are to be expanded by 
75,000 acres over 1971-75. 
Before 1960, the F.L.D.A. functioned as a 'loans board', 
in that it merely made available Federal finances to the State Land 
Development Boards, which actually developed and managed the schemes. 
Fourteen projects were implemented in this way. There was also one 
started in 1958 in Bilut Valley, Pahang, which was directly developed 
12 
and managed by the Authority, In 1961 the National Land Council; 
with the consent of the State Governments, resolved that the F.L.D.A. 
should be directly involved in the establishment and administration of 
projects, and after that the rate of land development was greatly 
accelerated. Thus the acreage planted shot up from 14,600 acres in 
1957-60 to 114,769 acres in 1961-65, and to 179,051 acres in 1966-70; 
a total of some 20,700 families had been settled by the latter year,^^ 
The target of the F.L.D.A. in the next quinquennium is to open 275,000 
acres, or approximately 55,000 acres annually, and to settle a further 
18 
23,700 families. A target of this magnitude reflects tV>e govern-
ment's emphasis on land development as the chief vehicle of rural 
development; it is also an indication of the government's great 
reliance on high-cost land development of the type prosecuted by the 
F.L.D.A. in its strategy. 
The other types of scheme listed in Table 1.1 have been 
developed by individual State Governments since the late 50s. Most 
areas were opened up during the first half of the Second Malayan Plan 
(1961-65), due mainly to the enthusiastic attitudes of the Central and 
State Governments towards rural development immediately after the 
Emergency. State assembly men were also quick to grasp at the oppor-
tunity of making political capital out of the land issue before the 
general election in 1964. After the election the role of development 
was cut drastically, especially in Fringe schemes and Unsubsidised 
schemes dominated by Malays, for it was realized that many hastily 
developed projects were in an unsatisfactory situation arising from 
^^Federal Land Development Authority, Annual Report 1970, Kuala Lumpur^ 
1971, p.8. 1 Q 
Second Malaysia Plan, op.cit., p.125. 
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unforeseen difficulties of management and supervision. A Working 
Committee reported that many projects 'were not as successful as was 
anticipated and required urgent salvation and rehabilitation in the 
19 
interest of national development'; it recommended the setting up 
of FELCRA referred to earlier. 
The above criticism was made in 1964, when most of the 
Fringe and Unsubsidised schemes were still immature. Recent field 
observations and discussions indicate that, while performance in terms 
of quality and volume of output and general standard of care is 
superior on fully-assisted projects, a reasonable performance is also 
being obtained on the great majority of unsubsidised and partially-
assisted projects. In view of this fact, which is further discussed 
later (Tables 1.9 and 1.10), and of the Government's emphasis on 
opening up fresh land as an important development strategy, it is of 
great national interest to examine the relative merits of allocating 
resources to different types of land development scheme. 
1.2 OBJECTIVES OF THE STUDY 
The primary objective of this study is to evaluate the 
relative merits or economic worth of the F.L.D.A., State and Fringe 
types of land development scheme outlined above. The unsubsidised 
schemes are not considered here because relevant data are not avail-
able; development operations in these schemes were undertaken by 
individual smallholders. In addition, holdings in unsubsidised 
schemes are farmed predominantly by Chinese, and are therefore not 
strictly comparable to the F.L.D.A., State and Fringe schemes where 
Malays are predominant (Table 1.7). 
^^National Land Consolidation and Rehabilitation Authority, Annual 
Report and Statement of Accounts (15 months ending 31st December 
1967), Kuala Lumpur, p.24. 
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The assessment is made from the commercial, social and 
settlers' viewpoints. The commercial assessment examines the pro-
fitability of investment in land development on the basis of actual 
market prices. Criticism has been levelled against the public-sector 
land development that it is inefficient. The profits derived in this 
manner will help clarify this issue. 
The second assessment is concerned with the return to 
Malaysian society as a whole. This investigation is undertaken because 
commercial profitability measured in terms of market prices does not, 
as a result of price distortions, reflect adequately the impact of the 
schemes on society; there is a divergence between commercial and 
social profitability. The indiscriminate use of market prices in a 
social context can lead to inappropriate assessment and a subsequent 
misallocation of resources. A 'shadow-pricing' procedure is thus 
adapted to evaluate the social economic worth of land development 
schemes. 
Finally, the relative merits of F.L.D.A., State and Fringe-
type of land development strategies are evaluated in terms of settlers' 
income. Since the chief objective of land development schemes is to 
raise the standard of living and social well-being of the rural popu-
lation, family income should be used as a key criterion in deciding 
resource allocation on land development schemes. It is also of 
interest to investigate other economic aspects on the individual 
holdings, such as the earnings from other farm enterprises, and the 
productivities and use of land and labour. 
As explained in the next chapter, the analysis is based on 
20 case studies of F.L.D.A., State and Fringe schemes. Only rubber 
projects are examined, so as to simplify the analysis. Oil palm is 
15 
grown on a large scale on F.L.D.A. schemes only; it is not cultivated 
on the State and Fringe schemes (Table 1.1, p.10). 
1.3 SIGNIFICANCE OF THE STUDY 
Little information is available on the economic aspects of 
land development schemes in West Malaysia, notwithstanding the impor-
tance of this subject and the vital need of bodies associated with 
rural development for factual information. The only empirical studies 
20 
were made by Agarwal (1962) and Singh (1963) on F.L.D.A. schemes: the 
first was a survey of seven schemes in the various parts of the country, 
dealing with the general aspects of production and marketing (largely 
of non-rubber farm enterprises), and the second was a detailed economic 
analysis of three schemes in Malacca. At that stage these projects 
had only been in existence' for 1-3 years and it was difficult to 
predict their long-term performance. The economic aspects of State 
and Fringe types of scheme have not yet been properly investigated, 
although there has been the common criticism that most of these schemes 
are 'sub-standard', probably in comparison with the F.L.D.A. schemes. 
This criticism is unfair, since the expenditure on the latter is much 
higher. However it is a general opinion that the high-cost F.L.D.A. 
20 
M.C. Agarwal, A Study of Production Potential and Marketing Problems 
in Seven Land Development Schemes in the Federation of Malaya, 
mimeographed, University of Malaya, Kuala Lumpur, 1962; and Sumer 
Singh, Economic Aspects of Three New Land Development Schemes 
Organised by the Federal Land Development Authority in Federation 
of Malaya, Ph.D. Thesis, Australian National University, Canberra, 
1965. General articles on land development include: Tunku Shamsul 
Bahrin, 'A Preliminary Study of the Fringe Alienation Schemes in 
West Malaysia', The Journal of Tropical Geography, Vol.28, June 
1969, pp.75-83; R.Ho, 'Land Settlement Projects in Malaya: An 
Assessment of the Role of the Federal Land Development Authority', 
The Journal of Tropical Geography, Vol.20, June 1965, pp.1-15; 
J.C. Jackson, 'Smallholding Cultivation of Cash Crops' in Wang 
Gungwu (ed.) Malaysia, London, 1963, pp.246-73; and Amina H.Degani, 
'The Land Development Authority: An Economic Necessity?', Malayan 
Economic Review, Vol. IX, No.2, October 1964, pp.75-82. 
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strategy is the only successful means towards achieving satisfactory 
development, and this belief is reflected in current Government 
policy towards land development. It is true that certain Fringe and 
other State-run schemes have been unsatisfactory and have had to be 
abandoned. But the majority are certainly successful by ordinary 
smallholding standards. 
The present study is felt to be significant in that it sets 
out in detail the relative merits, from the different viewpoints out-
lined, of three different land development strategies in West Malaysia. 
The results presented, and the discussions thereupon, help to clarify 
the present modes of land development and to indicate what role the 
public sector can best play in further progress. For example, the 
findings denote the extent to which public subsidies can be minimised 
in land development. This is a pertinent issue in the circumstances 
of Malaysia today, where a balance has to be struck between providing 
as much employment to the landless as possible and of creating holding 
sizes adequate for producing a reasonable farm income. 
1.4 MAJOR FEATURES OF LAND DEVELOPMENT SCHEMES 
Some major features of F.L.D.A., State and Fringe schemes are 
now examined, preliminary to outlining the analytical approach in the 
next chapter. The details in Table 1.2 denote that there were 524 
rubber schemes in 1970, comprising over 320,000 acres and involving a 
total of 49,430 settler families. Taking dependents into account, it 
can be estimated that almost a quarter million people were supported 
on these schemes. 
Planted area per scheme. Table 1.2 also indicates that 
F.L.D.A. schemes are by far the biggest, averaging 2,640 acres apiece, 
as compared to 529 acres per State scheme and 340 acres per Fringe scheme 
TABLE 1.2. 
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DETAILS OF F.L.D.A., STATE AND FRINGE SCHEMES GROWING 
RUBBER, 1970 
Type of 
scheme 
No. of 
schemes 
No. of 
settlers^ 
Total 
planted 
area 
(acre) 
Average 
size per 
scheme 
(acre) 
Average 
size per 
holding 
(acre) 
Proportion 
area 
mature (%) 
F.L.D.A. 56 14,884 147,825 2,640 7.9 39.6 
State 70 6,010 37,004 529 6.2 57.5 
Fringe 398 28,540 135,322 340 4.7 32.9 
All 524 49,434 320,151 611 6.0 38.8 
The F.L.D.A. figure is not as great as number of holdings (18,770) 
because all settlers had not yet joined. 
Sources: As for Table 1.1. 
Table 1.3,showing a distribution by acreage group, denotes that the area 
of individual schemes varied considerably about the averages just 
quoted. About two-thirds of the F.L.D.A. schemes ranged between 
2,000-4,000 acres, whilst about this proportion on State and Fringe 
schemes were in the 300-700 acres and 100-500 acres groups respectively. 
For F.L.D.A. schemes of more, than 2,000 acres, development was usually 
carried out in two or three stages, each phase being treated as a 
separate physical unit. With respect to State and Fringe types, the 
entire area in a scheme was developed at the same time. 
Ideally the F.L.D.A. would like to have standard-sized 
schemes,^^ each covering 3,500-4,000 acres including an area for the 
village and the provision of social amenities. This size is consi-
dered optimum in that it justifies economically the provision of first-
class management and social infrastructure. In practice there are 
constraints to the attainment of this target, the most important 
21 The ideal scheme originally envisaged by the F.L.D.A. was one con-
sisting of 3,200 acres of rubber and 800 acres of dusun (for 
growing fruit crops) for 400 families. The idea of developing 
the dusun land is now abandoned (see Chapter 10). 
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TABLE 1.3. DISTRIBUTION OF F.L.D.A., STATE AND FRINGE SCHEMES BY 
SIZE GROUP, 1970 
Size group F.L .D.A. State Fringe 
(acre) No. of 
schemes 
Proportion 
to total 
(%) 
No. of 
schemes 
Proportion 
r:o total 
(7o) 
No. of 
schemes 
Proportioa 
to total 
(%) 
Below 100 0 0 0 0 48 12.1 
101- 300 1 1.7 11 15.7 178 44.7 
301- 500 0 0 28 40.0 87 21.8 
501- 700 3 5.4 19 27.1 51 12.8 
701- 900 2 3.6 4 5.7 18 4.5 
901-1100 3 5.4 5 7.2 9 2.3 
1101-2000 6 10.7 3 4.3 7 1.8 
2001-3000 17 30.4 0 0 0 0 j 
3001-4000 18 32.1 0 0 0 0 ! 
Above 4000 6 10.7 0 0 0 0 
Total 56 100 70 100 398 100 
J 
Sources: As for Table 1,1. 
considerations being that the selected land must be (a) suitable for 
rubber, (b) without economically workable minerals, e.g. tin, iron, 
and bauxite, (c) free from forest reserves in the interest of conserva-
tion, (d) reasonably accessible and (e) free from any legal complications. 
Planted area per holding. Holding areas, which are believed 
to fluctuate very little within a given type of scheme, ranged from an 
average of 4.7 acres per holding on Fringe schemes to 7.9 acres per 
holding on F.L.D.A. schemes (Table 1.2, p.17). The estimates were 
computed on the basis of reported total planted area and of total 
numbers of families (or of lots in the case of F.L.D.A. schemes). The 
area of holdings on F.L.D.A. and State schemes was supposed to 
provide an adequate income for the settler and his family. Although 
provision was also made on F.L.D.A. schemes and some State schemes 
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for one to two acres per settler of dusun for the cultivation of fruit 
crops, development of these areas had been postponed, and the F.L.D.A. 
has recently decided to open the areas for either rubber or oil palm. 
With respect to Fringe schemes, which were partly financed 
by loans and grants from the Federal Government, the object was to 
supplement the income of individuals currently farming uneconomic lots. 
The original aim was therefore to site the projects along the fringes 
of existing kampongs, or preferably not more than three miles from 
them, so that farmers owning uneconomic lots within this radius could 
be brought into the schemes. In practice, however, this was not always 
feasible since suitable land around kampongs was limited and considera-
tion had to be given to mining opportunities, the desirability of 
maintaining forest reserves, and the suitability of soils. Because of 
this farmers living further away, including many landless, were 
included (see Table 1.8). 
Planting material. In 1970 from 73-100 percent of the 
scheme areas were under 'high-yielding' material, defined as either 
budgrafted rubber or clonal seedlings (Table 1.4). In comparison, an 
average of less than half the area was planted to these materials on 
individual smallholdings outside the schemes. This difference might 
be expected, since all schemes set out to establish 100 percent high-
yielding material, a target which was achieved only on F.L.D.A. 
schemes. The proportion was lowest on holdings in State schemes, 
because budgrafting in some areas never took place. The big propor-
tion of high-yielding material on Fringe schemes, 94.5 percent, was 
largely due to the fact that clonal seedlings, which do not need 
further budgrafting, were planted in more than half of the total 
area. 
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TABLE 1.4. PROPORTIONS OF TOTAL AREA IN F.L.D.A., STATE AND FRINGE 
SCHEMES BY TYPES OF PLANTING MATERIAL, 1970 
Planting material 
Proportion of total 
area (%) 
planted 
Total 
F.L.D.A. State Fringe 
Budgrafted rubber: 
RRIM 513 12.8 13.7 4.5 9.4 
RRIM 600 9.3 2.4 4.9 6.6 
RRIM 605 26.6 13.6 11.0 18.5 
RRIM 623 26.1 7.5 10.3 17.3 
PB 86 1.2 6.1 0.1 1.3 
PR 107 13.6 15.8 ^.8 10.1 
Tjir 1 0 2.4 1.3 0.8 
Others 9.9 4.7 3.2 6.5 
Total 99.5 66.2 40.-1 70.5 
Clonal seedlings 0.5 6.6 54.4 24 ,0 
Total high-yielding 100 72.8 94.5 94.5 
Ordinary seedlings 0 27.2 5.5 5.5 
Total 100 100 100 100 
Sources: As for Table 1.1. 
In sharp contrast, practically all areas in the F.L.D.A. 
schemes were planted with budded rubber, which has been recommended 
for planting under most physical conditions because it yields better 
than clonal seedlings. The commonest clones are RRIM 513, RRIM 600, 
RRIM 605, RRIM 623, PB 86, PR 107 and Tjir 1, whose relative potential 
yielding capacities are investigated in Chapter 3. Clonal seedlings, 
being physiologically stronger than young budded trees, have the 
advantage in circumstances where maintenance is likely to be lacking 
and where there are drainage and irrigation difficulties. The ability 
to withstand adverse conditions, coupled with the additional cost of 
budgrafting and subsequent risk in the absence of close supervision, 
resulted in the frequent use of clonal seedlings on Fringe schemes. 
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Geographical distribution. Table 1.5, which details the 
acreages of land development schemes in the various States of West 
Malaysia, indicates that about three-quarters of F.L.D.A. and Fringe 
areas were found in Johore, Pahang, Negri Sembilan and Perak. These 
States also included about two-thirds of the acreage in State schemes. 
There were no F.L.D.A, or Fringe schemes in Kelantan because the State 
Government, being controlled by the opposition Pan Malayan Islamic 
Party (PMIP) since 1957, had not alienated land for development that 
involved Federal funds. The Kelantan government has now, for the first 
time, agreed in principle that F.L.D.A. should extend its activities 
22 in that State. 
TABLE 1.5. TOTAL ACREAGES OF F.L.D.A., STATE AND FRINGE SCHEMES IN 
THE VARIOUS STATES OF WEST MALAYSIA, 1970 
State 
Total planted area (acre) 
Total 
F.L.D.A. State Fringe 
Kedah/Perlis 9,870 1,394 10,022 21,286 
Perak 15,946 8,216 26,992 51,154 
Kelantan - 4,277 - 4,277 
Pahang 29,939 9,954 45,727 85,620 
Trengganu 6,494 2,899 18,872 28,265 
Selangor 7,806 1,186 1,139 10,131 
Negri Sembilan 22,700 3,212 20,970 46,882 
Malacca 12,017 3,556 7,567 23,140 
Johore 43,053 2,310 4,033 49,396 
Total 147,825 37,004 135,322 320,151 
Sources: As for Table 1.1. 
Minister of National and Rural Development, The Straits Times. 
Kuala Lumpur, 22nd September, 1971. The target is to open 
250,000 acres of land for development and to settle about 
25,000 families. 
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Proportion of area in production. In I97O5 about 39 per-
cent of the total planted area in the schemes of interest was already 
in production; the proportion ranged from 33 percent in Fringe schemes 
to 58 percent in State schemes (Table 1.2, p.17). Table 1.6, summarizing 
the results of an investigation on the length of immature period, denotes 
that rubber trees on F.L.D.A. schemes took 6.9 years to come into tappingj 
compared with 7.8 years on State schemes and 8.1 years on Fringe schemes. 
Generally, there is a greater degree of variation in length of imm.ature 
period among Fringe schemes. 
TABLE 1.6. AVERAGE LENGTHS OF IMMATURE PERIOD IN SELECTED F.L.D.A., 
STATE AND FRINGE SCHEMES, 1970 
Type of scheme No. of schemes 
Period^ 
(year) 
Coefficient of 
variation (%) 
F.L.D.A. 60 6.9 9.8 
State 15 7.8 4.5 
Fringe 47 8.1 12.0 
Total 122 7.5 19.6 
^The F.L.D.A. figure refers to number of phases. 
From time of planting to commencement of tapping, 
Source: Own survey, 1971. 
Race of ownership. The only data on this aspect, which 
relate to 1966, are presented in Table 1.7. This shows that the great 
majority of settlers were Malays and that except on F.L.D.A. schemes 
the holdings on a given scheme were farmed predominantly by one race. 
Residence of settlers. Table 1.8 indicates that 94 percent 
of F.L.D.A., 38 percent of State and 2 percent of Fringe schemes were 
reported to have settlers living on the schemes in 1966. In respect 
to schemes without settlements, about two-thirds, predominantly State 
and Fringe schemes, had participants living within a radius of 'below 
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TABLE 1.7. RACIAL COMPOSITION OF SETTLERS IN F.L.D.A,, STATE AND 
FRINGE SCHEMES, 1966 
Type of scheme 
Proportion of settlers^ 
( 7 o ) 
Proportion of 
schemes with 9 0 7 = 
a ) 
Malay Chinese Others Malay Chinese 
F.L.D.A. 9 2 5 3 7 1 0 
State 9 2 7 1 8 6 3 
Fringe 8 7 1 1 2 8 2 5 
Total 8 9 9 2 8 1 4 
These were also quoted in C. Barlow and Chan Chee-Kheong, 'Towards 
an Optimum Size of Rubber Holding', The Journal of Rubber Research 
Institute of Malaya, Vol.21, 1968, pp.613-53. 
Source: Computed from Rubber Research Institute of Malaya, Survey of 
Land Development Schemes, 1967 (Not yet analyzed). 
five miles'; the rest had participants living further away. It was 
the general belief that the long distance that settlers had to travel 
had contributed mainly to certain schem.es being abandoned or sub-standard 
TABLE 1.8. PROPORTIONS OF SCHEMES WITH AND WITHOUT SETTLEMENTS, 1966 
Type of 
scheme 
No. of 
schemes 
surveyed 
Proportion of 
schemes with 
settlements 
( 7 c ) 
Proportion of schemes with 
settlers living outside (7o) 
Below 5 
miles 
6 - 1 0 
miles 
1 1 - 2 0 
miles 
Over 20 
miles 
F.L.D.A. 5 2 9 4 2 0 2 2 
State 5 0 3 8 4 5 8 5 4 
Fringe 3 1 9 2 7 8 1 4 3 3 
All 4 2 1 1 8 6 5 1 1 3 3 
Source: As for Table 1.7. 
Physical performance. It is difficult to compare the physical 
performance of the various schemes on a national basis. However; an 
indication of this is given by the vigour of the trees reported on the 
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basis of personal visits to schemes by extension staff in the 1967 
R.R.I.M, survey. The results presented in Table 1,9 confirm the 
general observation that good husbandry prevails in most F.L.D.A. 
schemes, whilst this is lacking in State and Fringe schemes. Thus 
about two-thirds of F.L.D.A. schemes were said to have 'vigorous' trees, 
and the bulk of the remainder were classified as 'average'. In con-
trast, the bulk of State and Fringe schemes were considered as 'average', 
and about 30 percent were classified as 'below average' and 'very poor'. 
'Vigorous' stands were reported on just over one-quarter of State 
schemes and on one-fifth of Fringe schemes. 
TABLE 1.9. PROPORTION OF SCHEMES WITH DIFFERENT STANDARDS OF TREE 
GROWTH IN F.L.D.A., STATE AND FRINGE SCHEMES, 1966 
Type of scheme 
Proportion of schemes with given standard 
of tree growth (7„) 
Vigorous Average Below average Very poor 
F.L.D.A. 65 29 6 0 
State 28 45 10 17 
Fringe 20 49 16 15 
Total 27 46 14 13 
Source: As for Table 1.7. 
There is yet another source of evidence on the performance 
of Fringe schemes. This is the information contained in the 1970 
monthly reports made by R.R.I.M, extension staff who were required to 
classify these schemes as 'successful', 'satisfactory', 'unsatisfactory' 
or 'failed' on the basis of field visits. The results are given in 
Table 1,10, and appear to confirm the 1967 finding. On average, 
35 percent of the Fringe schemes were described as 'successful', 47 
percent as 'satisfactory' and the remaining 18 percent as 'unsatis-
factory' or 'failed'. There was, however, a great variation among 
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TABLE 1.10. PROPORTIONS OF FRINGE SCHEMES WITH DIFFERENT STANDARDS 
OF OVERALL PERFORMANCE BY STATE, 1969 
State 
Proportion of schemes with given 
standard of performance (7o) 
Successful Satisfactory Unsatisfactory Failed 
Kedah/Perlis 32 41 9 18 
Perak 68 24 4 4 
Pahang 10 61 22 7 
Trengganu 9 62 22 7 
Negeri Sembilan 47 46 5 2 
Malacca 79 18 3 0 
Johore 22 67 0 11 
Total 35 47 13 5 
Source: Rubber Research Institute of Malaya, Monthly Reports of 
Extension staff. 1970. 
the various States, a larger proportion of successful schemes being 
found in Malacca, Perak and Negeri Sembilan, whilst the reverse of 
this being true in Trengganu and Pahang. 
26 
CHAPTER 2 
THE ANALYTICAL FRAMEWORK AND METHODOLOGY 
2.1 THE SCOPE OF THE STUDY 
The study is based on detailed investigations of 20 carefully 
selected land development schemes, including a sample survey of 762 
settlers. The basis on which these schemes were picked is now 
discussed. 
As a first step, comprehensive background information on each 
of the three land development strategies was collected and analysed to 
secure a picture of existing conditions (Chapter 1). Extensive field 
visits were then made to some 60 schemes in all parts of the country 
(see Appendix A for details); the writer was then accompanied by the 
R.R.I.M. Smallholders' Advisory Officers, the F.L.D.A. Planting Officers, 
and the supervisory staff for the State and Fringe schemes within each 
State. The visits were aimed at gaining a first-hand knowledge based 
on personal field observations and on discussions with the officials 
and the settlers. 
Next the scope and approach of the study were decided. 
Originally 18 schemes were chosen for investigation, six each from the 
F.L.D.A., State and Fringe types of development. Of the six schemes 
from each type, two were classified as 'above average' in performance, 
two 'average' and two 'below average'. In the final selection, however, 
two more Fringe schemes (one 'average' and one 'below average') were 
included, partly because the classification originally made was not as 
straightforward as expected and partly because the historical cost data 
pertaining to these schemes were readily available. A total of 20 
schemes was thus studied, a fair cross-section being covered within 
each type. 
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The relative performance of schemes within each type was 
subjectively defined according to the productivities envisaged by the 
extension staff; the latter made their judgement on the basis of 
physical field conditions, the vigour and girthing standard of tree 
stock, and the overall standard of maintenance and management. Ini-
tially the two schemes considered as 'average' within the gtoup were 
picked; those schemes which were expected to be superior or inferior 
to these two were then classified, respectively, as 'above' or 'below 
average', A similar attempt was made by the R.R.I.M, in 1967 and 1970 
to classify the schemes according to their standards of growth, and the 
details have already been given (Tables 1.9 and 1.10, pp.24 and 25). 
The concept of 'average' here is necessarily a biased one, since it is 
difficult to define a standard yardstick with which the schemes may be 
judged. In the circumstances it was felt that the approach adopted was 
reasonable in depicting the relative standards of performance. 
The actual selection of the 20 schemes was again carried out 
with the assistance of the extension personnel. The method of random 
sampling was not employed, because of the desire to ensure that the 
selected cases would conform as close as possible to the types of 
schemes described above. Besides, with the exception of F.L.D.A. 
schemes, it was necessary to choose those schemes whose cost data could 
be secured with reasonable accuracy. 
General features of the selected schemes are set out in Table 
2.1. In the F.L.D.A. schemes only the planted areas developed during 
the first phase were studied. The additional acreages developed in the 
subsequent two phases were excluded, partly because the operations had 
not yet been completed and it was difficult to secure the necessary cost 
data, and partly because it was not considered essential to evaluate 
TABLE 2.1. GENERAL FEATURES OF SELECTED SCHEMES 
Scheme 
Relative 
performance 
Year 
planted 
Planted area 
(acres) 
Development 
period (yrs) 
No. of 
settlers 
Holding size 
(acres/settler) 
Planting material 
F.L.D.A. 
BukiC Serampang 
Tenang 
Hutan Percha 
Kampong L.B.J, 
Kampong Awah 
Gedangsa 
State 
Labu 
Panchang 
Pintu Gerbang 
Kampong Menderang 
Gelong Pepuyu 
Sungai Dua 
Fringe 
Kampong Pasir Timbol 
Ulu Gentam 
Purun 
Ulu Beranang 
Kampong Beting 
Suak Rambutan 
Sahom 
Klan Halt 
Above average 
Above average 
Average 
Average 
Below average 
Below average 
Above average 
Above average 
Average 
Average 
Below average 
Below average 
Above average 
Above average 
Average 
Average 
Average 
Below average 
Below average 
Belov; average 
1961 
1961 
1961 
1961 
1961 
1961 
1959 
1961 
1960 
1960 
1961 
1959 
1961 
1963 
1961 
1961 
1961 
1962 
1962 
1962 
9;19 
976 
831 
820 
953 
804 
922 
523 
516 
600 
480 
322 
?27 
115 
724 
258 
239 
345 
230 
193 
8 
7 
7 
7 
7 
116 
117 
99 
116 
124 
113 
149 
84 
95 
88 
69 
50 
58 
38 
141 
59 
72 
115 
57 
42 
3.00 
8.34 
8.39 
7.07 
7.69 
7.11 
6.19 
6.23 
5.43 
6.82 
6.96 
6./,4 
3.91 
3.03 
5.13 
4.37 
3.32 
3.00 
4.04 
4.60 
RRIM 605 (507„) and RRIM 623 (50%) 
RRIM 605 (50%) and RRIM 623 (50%) 
RRIM 605 (50%) and RRIM 62 3 (50%) 
RRIM 605 (50%) and RRIM 623 (50%) 
RRIM 513 (33^%), RRIM 605 (33^%) 
and RRIM 623 (33^%) 
RRIM 513 (50%) and RRIM 605 (50%) 
PR 107 (50%) and PB 86 (50%) 
PR 107 (50%) and PB 86 (50%) 
RRIM 605 (40%), RRIM 607 (30%) 
and Tjir 1 BD (30%) 
RRIM 505 (40%), RRIM 513 (40%) 
and RRIM 607 (20%) 
RRIM 513 (35%) and RRIM 605 (65%) 
RRIM 513 (50%) and RRIM 605 (50%) 
RRIM 605 (50%) and PR 107 (50%) 
RRIM 513 (50%) and RRIM 605 (50%) 
RRIM 605 (50%) and PR 107 (50%) 
RRIM 623 (50%) and Tjir 1 CS (50%) 
Tjir 1 CS (100%) 
Tjir 1 CS (100%) 
Tjir 1 CS (100%) 
Tjir 1 CS (100%) 
_L 
^In F.L.D.A. schemes the phase one development only is studied (see text). In this thesis those schemes with names having more than 
one word are identified by the last word (e.g. Bukit Serampang is Serampang). 
Figures in brackets denote proportions of areas planted with the materials specified. 
NJ 
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three separate phases of development on a given F.L.D.A. scheme. The 
operations are so planned that each stage of development can be regarded 
as a separate entity. The omission of subsequent stages greatly 
simplifies the analysis as regards the estimation of input and output 
streams and does not mar the evaluation of investments. 
Again the analysis of the F.L.D.A, schemes is confined to the 
investments in rubber development only. The dusun land earmarked 
originally for other crops is ignored, because these extra areas are 
now being opened up for the planting of either rubber or oil palm. The 
use of this land will be discussed further in Chapter 10. 
The 20 schemes cover just over 11,000 acres and 1,800 settler-
smallholders, who own an average area (within schemes) of 3.0 to 8.4 
acres apiece. A geographical distribution of these schemes, which were 
mostly established in 1960/61, is depicted in Figure 2.1; a more precise 
description of their locality can be found in Appendix B. The selected 
F.L.D.A. schemes are widely scattered in five Malaysian States - Pahang, 
Selangor, Negeri Sembilan, Malacca and Johore. The State and Fringe 
schemes are concentrated in Perak and Negeri Sembilan because the 
collection of data, especially on the costs of establishment, was not 
easy over a wider area; the accounts were less satisfactorily organised 
in certain States and frequent transfers of staff made it difficult to 
extract the relevant information. There was also the need to secure 
the co-operation of individuals concerned with the schemes, 
2,2 THE ANALYTICAL APPROACH 
The main analytical tool employed in the study is the technique 
of cost-benefit analysis, involving comparisons of discounted cash flows. 
Regression analysis and analysis of variance are also used, particularly 
in connection with the determination of rubber yield trends and resource 
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F I G U R E 2.1 A G E O G R A P H I C A L D I S T R I B U T I O N OF S E L E C T E D S C H E M E S . 
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productivities. Most results of the survey are cross-tabulated. Data 
were punched on to IBM 80-coluran cards, and analysed using the digital 
IBM computer (Model 1130) at Survey Research Malaysia (S.R.M.) in 
Kuala Lumpur, West Malaysia. 
Most analytical tools are further explained in the sections 
in which they are used. A general survey of the cost-benefit analysis 
technique is made here, however, and is followed by a discussion of a 
special procedure adopted to allow for the risk and uncertainty asso-
ciated with forward estimates. A further feature, shadow-pricing to 
allow for price distortion, is discussed in Chapter 6 in relation to 
assessment from the social viewpoint. 
2,2.1. The Cost-Benefit Analysis 
A background. Cost-benefit analysis has long been considered 
as the most practical way of assessing long-term investment projects.^ 
2 
Its history dates back to 1844, but it only came into prominence in 
the early 1900's in the United States, where it was developed gradually 
by engineers as an analytical tool in connection with water-resource 
activities. In the 1930's the idea that benefits should exceed costs 
if a project was to be justified economically became widespread in the 
United States, and in 1936 the benefit-cost ratio was accepted as 'the 3 
recommended basis for comparison of projects'. Since then, a great 
deal of attention has been directed to refining the technique. 
A.R. Prest and R. Turvey, 'Cost-benefit Analysis: A Survey'. The 
Economic Journal, Vol.LXXV, No.300, December 1965, pp.683-735. 
Literature on this subject is voluminous, a selection of which is 
given in the bibliography. o 
In that year, a paper on the utility of public works was published in 
France - J. Dupuit, 'On the Measurement of Utility of Public Works', 
International Economic Papers, Vol.2 (cited in Prest and Turvey, Ibid) 
o 
United States, Proposed Practices for Economic Analysis of River Basin 
Pro jects. Report to the Federal Inter-Agency River Basin Committee, 
U.S.A. Prepared by the Sub-Committee of Benefits and Costs, May 1950, 
p.14. This report is commonly referred to as "The Green Book". 
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The development of cost-benefit analysis as an analytical 
tool has been encouraged by the growth of large-scale^investment 
projects having widespread and long-term repercussions, the rapid growth 
of public sector, and the recent development of such techniques as 
4 
econometrics5 operations research, system analysis, etc. Cost-benefit 
analysis is now applied to a wide range of public investments. Apart 
from water-resource development and transport, which are the two common 
areas in which such studies are undertaken, the method has been applied 
in the fields of urban renewal, recreation, land reclamation, health, 
education, defence, and research and development. In areas where 
enumeration and valuation of the major effects of investments are hard 
to measure there has been controversy over whether it is a really sound 
tool for efficient allocation of resources. But it is a general view 
that there is as yet no practical alternative apart from hunches and 
guesses. To quote Little, 'we can usually look into the crystal ball 
and come up with a better answer than random selection, which would 
make one try to grow anything anywhere'.^ 
Cost-benefit analysis was 'in origin an administrative device 
owing nothing to economic theory'.^ But its underlying principles, as 
it is understood today, are closely related to the economics of welfare. 
^Prest and Turvey, op.cit. A good selection of books and articles in 
this field is given in a bibliography at the end of this paper. Also 
in I.M.D. Little and J.A. Mirrlees, Manual of Industrial Project 
Analysis in Developing Countries: Volume II. Social Cost-Benefit 
Analysis. (Paris: Development Centre of the Organisation for Economic 
Co-operation and Development, 1968), pp.269-73. 
^I.M.D. Little, 'Symposium on Project Appraisal in Lesser Developed 
Countries: Nuffield College Research on Project Analysis in Agricul-
ture'. Journal of Agricultural Economics, Vol.XXII, No.3, 1971, 
pp.267-276. 
^R.J. Hammond, Benefit-Cost Analysis and Water Pollution Control 
(Stanford, California: University Press, 1958), p . 3 . 
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public finance and resource use. Its theoretical formulation is based 
on the model of perfect competition, which states that in order to 
attain an efficient allocation of resources, marginal revenue must equal 
or exceed marginal cost.^ In a real economy, however, imperfection 
and uncertainty prevail, and profits determined through the use of 
actual market prices (which are assumed to fully reflect consumers' 
preferences in the competitive model) may not necessarily provide an 
adequate reflection of the impact of the project on society as a whole 
(Chapter 6). 
Methods of cost-benefit analysis. Cost-benefit analysis 
takes into account the timing of cash flows, whereby it is recognised 
that an amount received or spent now is worth more than the same amount 
received or spent at some point of time in the future. Cash flows 
occurring over a period can be reduced to a comparable basis at a given 
point in time in two ways. First, the future can be bound with the 
present through 'compounding', a process of letting benefits or costs 
grow as a function of time. Given an interest rate, i, the compound 
or future value of a stream of benefits or costs A^, A^ ,^ A^ ...., ^^ ^ ^ t 
the end of years 0, 1, 2, ..., n, is given by 
AQ(l+i)'' + + .... + A^ (1.1) 
The second alternative is to convert future benefits and costs to their 
present value through a process known as 'discounting'. Thus the 
present value of the above cash flow is given by 
A. A„ A 
A, ^ 
^ (1+i) (1+i) (1+i)" 
^A detailed account of the competitive model can be found in T.Scitovsky, 
Welfare and Competition: The Economics of a Fully Employed Economy 
(London: George Allen and Unwin, 1952), pp.3-188. For a short account 
see J.V. Krutilla and 0. Eckstein, Multiple Purpose River Development: 
Studies in Applied Economic Analysis (Baltimore: The John Hopkins 
Press, 1958), pp.17-41. 
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Two criteria are used to indicate the profitability of a 
particular land development project. These are the internal rate 
of return (IRR), and the benefit-cost ratio (B/C).® In addition, 
the net present value (NPV) of the project is also secured to indicate 
its present worth in absolute terms. In this study, the discounted 
present value of the future stream of benefits is compared with the 
discounted present value of the future stream of costs. £{1.2) abov^?. 
The B/C ratio is the ratio of discounted benefits to dis-
counted costs /see equation (1.41/, A project is considered acceptable 
if its B/C ratio at a given rate of interest, i, is greater than unity. 
The IRR is the unknown rate of interest, r, which equates the present 
value of benefits to the present value of costs [see equation (1.7_)_/. 
If the IRR is greater than the rate of interest charged on the capital, 
the project is profitable. The NPV of a project is the difference 
between the discounted benefits and discounted costs: a positive NPV 
at an acceptable rate of interest indicates that the project is 
economically justified. 
2.2.2. Allowance for Risk and Uncertainty 
It can be expected that there will in practice be fluctuations 
about single-valued expectations, especially the estimates of benefits. 
Very often the variability of physical performance in project assessment 
9 
is ignored, although in practice such variability has an important 
effect on decision-makers. Deviations from mean expected values arise g 
Other measures which usually do not embody the 'present value' concept 
are: (a) the payback period, (b) the proceeds per dollar of outlay, 
(c) average annual proceeds per dollar of outlay and (d) average 
income on the book value of the investment. For discussions on these 
methods see H. Bierman Jr. and S. Smidt, The Capibal Budgeting Deci-
sions: Economic Analysis and Financing of Investment Projects (New 
York: Macmillan, 2nd ed., 1966), Chapter II, pp.18-38. 
9 
See, for example, studies of rubber and oil palm investments quoted in 
footnote 2, Chapter 7. 
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because of risk and uncertainty. Risk refers to variability of out-
comes where the parameters of the statistical probability distribution 
are predictable, and is therefore insurable in an actuarial sense.^^ 
Such variability can be quantified in forward estimates. In contrast, 
uncertainty refers to variability of outcomes where the parameters of 
the probability distribution cannot be determined empirically; in actual 
decision-making, however, subjective probabilities, in an ordinal or 
cardinal sense, may in fact be assigned to uncertain outcomes. 
In this study the fluctuation in rubber yield and price, two 
of the most important variables determining cash flows, is taken into 
account in the estimates of IRR and B/C ratio pertaining to a scheme. 
Although the estimation of inputs, too, involves some risk and uncertainty, 
this is certainly much less: inputs in the production of rubber can be 
more reliably predicted. An example based on the cash flows on the 
Tenang scheme indicates that a consistent error by 5 percent either way, 
in the estimate of inputs over the whole project life, results in a 
change of less than one percent in IRR (Table G2.1). In reality, over-
estimates are likely to intersperse with under-estimates, so that the 
actual effect on IRR would be smaller. There is, anyhow, not suffi-
cient information to determine the expected variability of the various 
inputs used in rubber production. The introduction of input variability 
will unnecessarily complicate the procedure to be outlined below. In 
view of this, inputs are assumed to have zero variance in the subsequent 
analysis. 
The adopted procedure. Aversion to risk and uncertainty is 
commonly provided for subjectively in making forward estimates. Three 
^"^E.O. Heady, Economics of Agricultural Production and Resource Use 
(New Delhi: Prentice-Hall of India Pvt., Ltd., 1964), pp.442-3. 
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usual methods are: (a) shortening the period of analysis, (b) including 
a correction factor in the discount rate and (c) making safety allowances 
on estimates. The first device is extremely crude, since it implicitly 
assumes that all benefits before the cut-off date are riskless. The 
other two methods, (b) which allows for risks and uncertainties corre-
lated with the passage of time and (c) which allows for those which are 
not, are also crude in that benefits are subjectively adjusted downwards 
without proper regard for the pattern of fluctuation. Some analysts 
also adopt the technique of presenting multi-valued estimates, covering 
a range as opposed to single-valued estimates. None of the above is a 
satisfactory way of allowing for risk. 
In this study the variability of the benefit streams is 
measured in terms of expected variances, which are based on the expected 
variability of both yield and price. Since the annual benefit (R) in 
this case is the product of yield (Y) and price (P), the expected 
variance of benefit for a given year can be derived by using the formula 
for the variance of a general function of variables.^^ This is given by 
V(R) = Y^.V(P) + P^.V(Y) + 2PY.cov(P,Y) (1.3) 
where V(R) is the expected variance of benefit, V(P) the variance of 
price, V(Y) the variance of yield and cov(P,Y) the covariance between 
price and yield.^^ 
The variance of B/C ratio. Let the B/C ratio of a project be 
Ro K / 
(1+i) (1+i)^ (1+i) / (1+i) 
(1+i)^ (1+i) 
^^See Appendix C. 
^^The covariance term in equation (1.3) can be ignored if the price of 
rubber and the yield are mutually independent. This is so because 
cov(P,Y) =/>(?,Y) ./V(P) .V(Y), where /> is the coefficient of corre-
lation. The variance of revenue is increased if/'is positive; it 
is reduced if/® is negative. 
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where the benefit stream, R^ ., has variances, V(Rj.), as specified by 
(1.3) and the cost stream, E^, has zero variance as assumed earlier. 
The expected variance of B/C ratio, Var(B/C), can then be derived, aga 
using the formula for variance of a general function of variables, 
follows: 
in 
as 
Var(B/C) = 
- r 2 
+ 
Lc(l+i)J 
1 
'V(Rj^) + 
1 2 
.VCRp + .... 
-r 2 
•VCR,.,) + 
1 2 
n 
LC(l+i) J 
.V(R^) 
+ 2 
+ 2 
+ 2 
+ 2 
.cov(R^, R^) + 
.cov(R^, R^) + 
.C(l+i)^J n LC(l+i) J 
.covCR^, R^) + 
. n (1.5) 
where C denotes the cost stream as specified in (1.4). 
The benefits between periods for a given scheme are likely to 
be positively correlated because of the high correlation between yields 
in different stages of tapping; the correlation is likely to be greater 
than zero but less than one (i.e. 0 < < 1). As may be inferred from 
equation (1.5), the inclusion of such covariances between cash flows of 
different time periods would involve considerable computation. To 
simplify the work, two extreme cases are assumed. In case 1, the cash 
flows between periods are assumed to be perfectly independent of one 
another (/^ = 0). Under this assumption the covariances between R^ are 
13 
zero, and the covariance terms in (1.5) can then be ignored. This 
will naturally yield the minimum variance of B/C ratio. 13 See footnote 12, 
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In case 2, the cash flows are assumed to be perfectly corre-
lated. Under this condition, the coefficient of correlation is one 
1), and the covariances, cov(R^, R^), cov(R^, R^), cov(Rj^, R^) 
are equal to the product of their respective standard deviations (i.e. 
square roots of the variances). These may be denoted as S(Rj^)S(R2), 
S(R^)S(R2), , S(Rj^)S(R^). The formula for the variance of B/C 
ratio in (1.5) then becomes a perfect square.^^ 
1 2 
Var(B/C) = 
S(RT) S(R ) S(R ) 
— + .... + ^ 
Lc(i+i) c(i+i) c(i+i)'^_ 
(1.6) 
In subsequent assessments the standard error of B/C ratio, 
_/S(B/CX/, which is the square root of Var(B/C), is quoted for both 
cases 1 and 2. 
Three estimates of IRR. The usual formula for deriving the 
IRR, r, is 
(R -E ) (R^-E,) (R 
(1+r) (1+r) (l+r)"" 
The formula for the variance of a general function of variables 
(Appendix C) cannot be used to derive the standard deviation of IRR. 
Equation (1.7) cannot be differentiated by ordinary calculus because 
both Rj. and the unknown r are stochastic variables w i t h a probability 
distribution. In addition the IRR, r, is an implicit function whose 
mean and variance cannot be determined. 
Thus the method used in this study is to first determine the 
'mean', 'best' and 'worst' cash flows associated with each scheme, and 
then to apply equation (1.7) to solve for r separately in each instance 
in the usual manner. The 'best' cash flows are defined as the expected 
^^The derivation of this formula is given in Appendix D. 
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mean cash flows, R^, plus one standard deviation; the 'worst' cash 
flows are the expected mean cash flows minus one standard deviation. 
The standard deviations, which are derived on the basis of equation 
(1.3), allow for approximately 65 percent of the variation about the 
expected mean value. 
2.2,3. Using the Digital IBM Computer 
Given the cash inflows and cash outflows of a project, the 
B/C ratio, the IRR and NPV may be computed using the present value 
tables.^^ For the B/C ratio and NPV the computation is direct, since 
the present value factors, — , for a range of interest rates, i, 
(l+i)^-
are readily available for use. As regards IRR, the unknown r can only 
be determined by trial and error using present value factors at different 
interest rates until the total NPV is as small as possible; r is then 
found by interpolation of the two nearest rates of interest (.see 
Appendix E). This method is laborious to use in this study because 
the cash flows run over a period of 37 years; it is also necessary to 
compute measures of variability. A high-speed IBM digital computer 
was therefore employed in the analysis. 
In this study the IRR is obtained by a computationally faster 
method. This is the Newton's approximation method, which involves 
obtaining a sequence of approximations to the root, x, of the polynomial 
f(x) = 0. Thus given a first approximation, a^, the next approximation, 
a^, is found by solving 
fCaO 
^^For example, see P.H. White, Parry's Valuation Tables. (London: The 
Estates Gazette, Ltd., 1964). 
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where f(a^) is the value of f (x) when x = a, and f'(a^) is the value 
of the derivative f'(x) when x = a^^. The third approximation, a^, is 
given by 
f C a p 
a^ = a, 
3 f ' C a p 
and so on, until the sequence of approximation values converge. The 
calculation of the successive approximations is repetitive and can be 
rapidly solved by a computer. 
An example, which sets out the calculation of IRR using both 
the present value tables and Newton's approximation method, is illus-
trated in Appendix E. 
2.3 TYPES AND SOURCES OF DATA 
The data used in this study are derived primarily from (a) 
analyses of historical development costs and other inputs, (b) surveys 
of settlers and rubber yields, (c) analyses of unpublished survey data 
and (d) extensive field visits and discussions. In addition, informa-
tion was also secured from various Government departments and agencies. 
The types and sources of data, which were collected from September 1970 
to May 1971, are now elaborated. 
2.3.1. Analyses of Historical Data 
Data collected under this heading mainly include actual 
expenditures for the establishment and maintenance of rubber, manage-
ment, supervisory personnel, services and the infrastructure items pro-
vided by the government departments or agencies, settlers' loans and 
allowances, establishment of village and housing, staff quarters and 
other sundry items. This information, on which cash outflows over the 
development period are based, was secured through detailed analyses of 
sets of accounts or books available at the F. L.D.A. headquarters in 
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Kuala Lumpur and at the Departments of Lands and Mines in Perak and 
Negeri Sembilan. 
The work was laborious and not straightforward, due to the 
fact that the accounts were fragmented and not properly kept; the 
needed data could not therefore be easily extracted. This was parti-
cularly true with respect to the State and Fringe schemes. The long 
development period further enhanced the difficulty, since the system 
of recording tended to change from year to year. It was therefore 
necessary to scrutinise the accounts and sort out the relevant infor-
mation before transcribing for subsequent analysis. An example of the 
forms used for this purpose is given in Appendix H (H-3, H-4 and H-5) . 
2,3.2. Surveys 
Survey of settlers. This was aimed at providing the basic 
information for the estimates of future inputs, and for the assessments 
from the settlers' viewpoint in Chapters 9 and 10. The survey, which 
covered 762 settlers, was undertaken in two stages. The first part, 
during March-May 1969, covered all 474 settlers on six schemes (one 
F.L.D.A., three State and two Fringe schemes) in Negeri Sembilan. The 
second part was a random sample, during March-May 1971, of 288 holdings 
on the remaining fourteen schemes. It was felt that a sample was 
adequate in the second part of the survey, since the holdings within 
each scheme were quite homogeneous in respect to the holding size, 
type and age of planting material and other major inputs. A complete 
enumeration was also considered too expensive and time consuming. 
The number of holdings to be included in a sample depends on 
the degree of precision required in estimating the variables of 
interest. For the purpose of this study, it was considered reasonable 
that the sample mean of a particular scheme should not be in error by 
more than 20 percent from the true value, excluding a chance of one in 
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20. A scrutiny of the stage one results showed that there was a great 
variation among holdings in respect of such variables as yield, planting 
density, task size, family size, holding size and various labour and 
equipment inputs (Table 2.2). The coefficients of variation were 
mostly in the range 30 to 50 percent about their respective mean values. 
The required samples, n, for the remaining fourteen schemes 
were calculated using the following formula.^^ 
where C is the coefficient of variation (i.e. the standard deviation of 
individual sample observations expressed as a percentage of the mean), 
N the total number of holdings on a scheme, e the maximum difference 
between the true and estimated values expressed as a percentage of the 
mean, and t a constant value to hold good the probability statement, 
which is approximately 2. 
The results (Table 2.3) show that if a variation coefficient 
of 30 percent is stipulated, a sample of seven to nine holdings per 
scheme is adequate to provide the stated degree of accuracy. For a 
variation coefficient of 50 percent, a sample of 15 to 20 holdings is 
needed. The maximum number of 20 holdings was decided for all cases, 
the actual selection being by random choice from a list of serially 
numbered settlers. However, the final numbers ranged from 17 to 23, 
due to the exclusion of few unsatisfactory questionnaires and the 
inclusion of some additional settlers who requested interviews. 
The questionnaire used in this survey is given in Appendix H 
(H-1). 
^^A detailed explanation of the derivation of the equation can be found 
in W.G. Cochran, Sampling Techniques (New York: John Wiley & Sons 
Inc., 1953), Chap. 2 and 4. 
TABLE 2.2. MEANS AND COEFFICIENTS OF VARIATION OF SELECTED VARIABLES AMONG FARMS ON SIX SCHEMES, 
MARCH-MAY 1969 
L.B.J • Panchang Labu Dua Beranang Beting 
Variable (104) 
a (70) (131) (45) (55) (69) 
Mean Mean C .V. Mean C.V. Mean C.V. Mean C.V. Mean C.V. 
Yield (latex)^ 847.8 20 676.9 25 109.8 20 417.2 27 453.2 52 533.2 37 
Trees tapped^ 108.4 12 119.5 16 107.8 24 96.8 18 96.2 33 138.7 20 
e Area tapped 7.0 0 6.0 3 6.1 3 6.6 4 2.9 9 2.9 10 
Family size^ 9.5 23 8.8 33 9.7 32 8.2 33 8.7 35 7.3 40 
Tapping labour 2.4 53 2.1 62 2.0 55 2.3 44 1.5 51 2.1 74 
g Collection labour^ 1.3 49 0.6 40 0.8 81 0.8 45 0.5 49 0.9 74 
Tapping knives^ 0.5 52 0.5 45 0.7 50 0.4 39 0.8 48 0.8 46 
T . h Latex cups 6.9 83 9.4 68 8.6 72 10.4 81 10.6 33 15.0 24 
Buckets'^ 0.2 47 0.2 42 0.3 53 0.2 40 0.5 47 0.5 42 
Sharpening stones'^ 0.3 43 0.3 29 0.4 51 0.3 39 0.7 56 0.6 40 
Latex containers^ 0.1 20 0.1 108 0.1 81 0.1 34 0.2 55 0.3 68 
j^Figures in brackets denote numbers of holdings. 
Coefficient of variation. c 
^In lb per acre per month. 
In number per acre. 
^In acre. 
In number of persons. 
^In manday per acre per month. 
In number per acre per year. 
•P-UJ 
Lh 
TABLE 2.3. NUMBER OF SAMPLING UNITS (HOLDINGS) REQUIRED IN EACH 
SCHEME TO ESTIMATE THE MEAN VALUES^ OF VARIABLES 
OF INTEREST AND THE ACTUAL NUMBER OF HOLDINGS TAKEN 
Scheme 
Total number 
of holdings 
on scheme 
(N) 
Number of sampling units 
(n) when C.V. is assumed 
at Actual number 
30% 5 0 7 o 
F.L.D.A. 
Tenang 117 8.4 19.9 22 
Percha 99 8.3 19.3 22 
Serampang 116 8.4 19.8 22 
Gedangsa 113 8.3 19.7 19 
Aw ah 124 8.4 20.1 20 
State 
Gerbang 95 8.2 19.2 21 
Menderang 88 8.1 18.9 20 
Pepuyu 69 8.0 17.8 20 
Fringe 
Timbol 58 7.8 16.9 23 
Gentam 38 7.3 14.7 21 
Purun 141 8.5 20.5 21 
Rambutan 115 8.3 19.9 20 
Halt 42 7.4 15.3 17 
Sahom 57 7.8 16.9 20 
^At a 20 percent margin of error, eiccluding a chance of 1 in 20. 
Survey of estate yields. In order to provide some guidance 
in determining the yield patterns from the eleventh to the thirtieth 
year of the exploitation cycle (analysed in Chapter 3), a survey was 
carried out of yields from older planting materials on estates. Some 
60 estates located in various parts of the country were picked as 
suitable from the R.R.I.M. Commercial Register and Costing and Manage-
ment Studies record. Subsequent checking revealed that only 23 estates, 
comprising over 100 fields in Perak, Selangor, Pahang, Negeri Sembilan 
and Johore, had satisfactory yield information over the period of 
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interest. The balance either had no old planting materials or did not 
keep complete records for more than five years (a minimum period 
required by the Companies Act), Many did not bother to maintain a 
continuous yield information. The transfer of ownership and modifi-
cation of accounting systems had also resulted in a discontinuity of 
data in a number of estates. 
The survey involved a considerable amount of travelling and 
detailed investigations on the estates of tapping and production 
records over the past 10 to 15 years. The relevant data were trans-
cribed on ready prepared forms (see Appendix H, H-2) for subsequent 
processing in the office. 
2.3.3. Analysis of Unpublished Data of the R.R.I.M. 
This information comprises (a) the yield data pertaining to 
different modern planting materials from the Botany Division, (b) 
comprehensive background data on schemes collected by the Smallholders' 
Advisory Service Division and (c) the unpublished results of small-
holdings surveys undertaken by the Economics and Planning Division. 
The information under (a) provided the basic data for the statistical 
analyses in Chapter 3 of the yield trends over one to 10 years. That 
under (b) has already been discussed in Chapter 1. The unpublished 
survey results under (c), which are employed in the assessment from the 
settlers' viewpoint, were collected in 1963/1964, 1968 and 1970/1971 
during work for which the writer was either solely or jointly 
responsible. 
2.3.4. Personal Observations and Discussions 
Reference has already been made to the extensive field trips 
to some 60 land development schemes (Appendix A). These, together 
with conversations with extension officers, supervisory staff, and 
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settlers on the scheme, provided invaluable background knowledge to 
the overall evaluation of the operation of each scheme. In addition 
frequent discussions with the botanists, agriculturists and other 
specialists at the R.R.I.M., F.L.D.A. and government departments helped 
in the evaluation of input streams and other technical issues. 
Part II 
EVALUATION OF INPUTS AND OUTPUTS 
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CHAPTER 3 
PRODUCTION PATTERNS AND EXPECTED YIELDS 
Hevea brasiliensis. the Para rubber tree, has a normal economic 
exploitation life of about thirty years after a development period of six 
to eight years.^ In forward budgeting, it is necessary to estimate the 
expected yield levels over this time span. This is by no means straight-
forward because of the complexity of interacting factors, some of which 
are outlined below. This chapter analyzes the yield patterns of 
different types of rubber tree over various tapping stages, and on the 
basis of these aims at obtaining forward estimates of physical output 
(rubber yields) pertaining to the twenty selected land development schemes, 
The results presented are useful for purposes other than those of this 
thesis, since an analysis of this kind has not been done before. 
3.1 VARIATION IN RUBBER YIELD 
Exploitation, or tapping, is a process of extracting rubber by 
making an incision in the trunk of the tree. When the bark of a tree is 
tapped, a high turgor pressure in the bark tissue and latex vessels 
forces out a milky liquid termed latex. Immediately after tapping, 
latex flow is rapid but it slows down progressively; it finally stops 
2 
due to the formation of a barrier, known as 'plugging', in the cut latex 
vessels. The latex, deposited in a cup fastened to the trunk of the 
tree, is then collected. There will be still some 'late dripping' after 
^This is the usual period in practice over which the rubber tree is 
exploited, after which either there is no more tappable bark reserve 
or the yield is too low to justify further exploitation. 
^G.F.J. Milford, E.C. Paardekooper and Ho Chai Yee, 'Latex Vessel 
Plugging, Its Importance to Yield and Clonal Behaviour', The Journal 
of the Rubber Research Institute of Malaya, Vol.21, Part 3, 1969, 
pp.274-282. 
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collection flowing from the vessels. This material coagulates through 
natural process at the bottom of the emptied cup and along the tapping 
panel, and is collected as cuplump and tree lace in the next tapping, 
Cuplump and tree lace are lower grade materials, and are collectively 
known as 'scrap', 
The amount of latex and scrap which can be obtained from a 
tree at a given tapping varies with a host of factors. Genetically, 
it depends on the growth-vigour and production efficiency of the tree. 
Growth-vigour differs greatly between types of planting material - clones 
3 
and seedlings - and is a genotypical characteristic of Hevea in that, 
everything being equal, good growers remain good growers. While growth-
vigour is not necessarily correlated with production efficiency, there 
is a definite indication that trees with larger girth produce relatively 
4 
more latex, larger circumference being associated with a larger number 
of rings of latex vessels in the bark. 
Apart from differences in yield between clones, there is in 
practice a wide variation about the mean yield of any given planting 
material, resulting from a number of interacting factors. A precise 
correlation between performance and a particular environmental factor is 
difficult to establish, however. Some of the more important factors 
causing yield variability are outlined here. 
Planting density and arrangement. Planting density experiments 
in both Malaysia and Indonesia have shown that low densities result in 
A clone is a specie of a high-yielding rubber tree originated from 
budgrafting the buds of this tree on to a seedling. A seedling is 
grown from a seed, whether it is from a selected high-yielding 
family of clones or from an ordinary tree. 
^M.J. Dijkman, Hevea: Thirty Years of Research in the Far East 
(Florida: University of Miami Press, 1951), pp.60-61. 
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high yields per tree but relatively low yields per acre, and vice versa. 
Ideally, the planting density should be one which leads to a maximum 
profitability under practical cost conditions. An economic assessment 
has in fact been made on the basis of data from one Malaysian experiment 
on clone AVROS 50, with densities ranging from 48 to 435 trees per acre. 
This showed that, under estate conditions, about 125 trees per acre in 
tapping was a fair optimum, while a density of 150 to 175 trees was 
considered appropriate for smallholders.^ Tapping usually commences 
when about 75 percent of the planted trees reach tappability (i.e. a 
girth of about 20 inches at the height of opening), the proportion 
increasing to 100 percent two to three years later. 
The common planting systems are 30 or 20 feet between rows 
and 10 or 20 feet within a row. Hedge plantings of 50 to 80 feet apart 
are not suitable, either because of a lower yield per acre or greater 
susceptibility to wind damage, resulting in stand lower than the economic 
optimum. Since planting densities do not vary greatly between production 
units, variation in yield arising from this source is unlikely to be 
substantial. 
A detailed discussion of planting density as an important means 
of augmenting settlers' income will be given in the concluding chapter. 
^D.R. Westgarth and B.R. Buttery, 'The Effect of Density of Planting on 
the Growth, Yield and Economic Exploitation of Hevea Brasiliensis. 
Part I. The Effect on Growth and Yield'. The Journal of the Rubber 
Research Institute of Malaya, Vol.19, Part I, 1965, pp.62-73. 
Experiences in Indonesia (Schmole, J.F. Voorloopige resultaten van 
een plantverband proef met oculaties. II. Arch. Rubbercult, 
Vol.24) were reported in Dijkman, op.cit., pp.119-131. 
^C. Barlow and Lim Sow Ching, 'The Effect of Density of Planting and 
the Growth, Yield and Economic Exploitation of Hevea brasiliensis. 
Part II. The Effect on Profit'. The Journal of the Rubber Research 
Institute of Malaya, Vol.20, Part I, 1967, pp.44-64, 
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Exploitation methods. The se refer to the various systeins 
of tapping the tree, the intensity of which can be varied according to 
length of cut or frequency of tapping, or both. The exploitation 
system employed has a major influence on latex flow, each system being 
significantly confounded with clones, stage of tapping, yield stimula-
tion techniques etc. In West Malaysia there are as many as over 80 
different systems, the two basic and most widely used being half-spiral 
tapped alternate daily (S/2.d/2 100%) and half-spiral tapped every 
third day (S/2.d/3 67%). All the rest (e.g. full-spiral and reduced-
spiral tapped at different frequencies) are variants of these two basic 
systems. 
Since tapping labour accounts for over one half of total 
estate production costs, considerable research effort has been directed 
to studies of exploitation methods and related problems; as a result 
specific recommendations on tapping under different sets of conditions 
have been made.^ By and large, the conventional S/2.d/2 100% system 
is still the best for the clones tapped on virgin bark during the first 
nine to ten years because it results in higher yields and higher net 
revenue over the labour cost involved; more intensive tapping over 
early years has a depressive influence on girthing and subsequent yields. 
Indeed the S/2.d/2 100% system is widely adopted by estate management for 
trees over their first 20 years of tapping. After this the intensity of 
Literature on the exploitation of rubber is abundant. For latest 
information see the following works by E.K. Ng et al.: (a) 'Ex-
ploitation of Young Rubber: Preliminary Results', Planters' Bulletin 
of the Rubber Research Institute of Malaya, No.80, September 1965, 
pp.177-193, (b) 'Exploitation of Modern Hevea Clones', The Journal 
of the Rubber Research Institute of Malaya, Vol.21, Part 3, 1969, 
pp.292-329, and (c) 'Tapping Systems for Young Rubber', Planters' 
Bulletin of the Rubber Research Institute of Malaya, No.Ill, 
November 1970, pp.285-315. 
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exploitation is stepped up progressively to as high as 2007os through 
more frequent tapping, or through increased tapping cuts on one or 
two panels. 
A thirty-year exploitation cycle can be divided into six 
tapping stages of approximately five years each. The virgin bark of 
the tree is first opened on a half-spiral cut, slanting from left to 
right, at 50 to 60 inches above the union. For ease of later reference 
this panel is referred to as panel A. The virgin bark at the opposite 
side of the tree, panel B, is similarly opened in about the sixth year 
of tapping. When the virgin bark has been tapped out, bark of first 
renewal from panel A, termed panel C, is re-opened, followed by panel D 
on the bark of first renewal from panel B a few years later. By this 
time about 20 years have lapsed. 
The last ten years of tapping usually involve both one high 
and one low panel, since tapping of low panels only produces very low 
yields. Thus the fifth stage of tapping (which may be referred to as 
panel E) involves a low panel tapped in bark of second renewal from A, 
and a high panel on virgin bark opened at 60 inches above the second 
renewal at the opposite side of the tree. The final stage (panel F) 
consists of a high panel in virgin bark above the renewal and a low 
panel in bark of second renewal from panel B. The bark remaining after 
this is unlikely to give an economic yield. 
Wind damage. This environmental feature is of important 
economic significance, since large planted areas can be affected in 
a given locality. It has been established that clones such as RRIM 
513, RRIM 603, RRIM 605, RRIM 623, PB 5/63 and LCB 1320 are especially 
susceptible.^ The incidence however varies from locality to locality. 
Ho, A.P. Ng and S. Subramaniam, 'Choice of Clones', Planters' 
Bulletin of the Rubber Research Institute of Malaya, No.104, 
September 1969, pp.226-247. 
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it being most severe in Negeri Sembilan, Selangor and in certain parts 
of Pahang; it is also confounded with manuring regime and tapping 
intensity. 
Climate and rain interference. It is generally found that 
9 
droughts tend to depress yield and growth, and that longer sunshine 
hours are associated with higher yields in different States of West 
Malaysia.^^ On the other hand, rainfall has an important effect upon 
the quantity and quality of rubber production through a loss of tapping 
days, late tapping, early collection, or a total 'wash out' of latex. 
Late tapping and early collection naturally reduce the period for latex 
flow before collection, resulting in more late drippings which are sold 
at a discount in the market. 
Wintering. This describes the annual defoliation following 
the dry spell, which usually occurs early in the year. It depresses 
yield, the extent depending on the time of onset, duration and severity, 
which in turn interact with clones and localities. By and large, the 
loss in yield caused by wintering may range from 10 percent to over 30 
percent of normal yield. 
Diseases. The most important diseases causing variation in 
the performance of Hevea in West Malaysia are the fungal root diseases, 
of which white root disease, brown root disease and red root disease are 
the most serious. ^ ^ Leaf diseases due to Gloeosporium and Oidium are 
quite widespread and have a significant influence on growth and yield 
since leaves play a vital role in the partition of assimilates. Other 
^P.R. Wycherley, 'Variation in the Performance of Hevea in Malaya', 
The Journal of Tropical Geography, Vol.17, May 1963, pp.143-171. 
Ho et al., op.cit. 
^^P.R. Wycherley, op.cit. 
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diseases, notably pink disease and Phytophthora, are less severe and 
are prevalent in certain localities only. 
To an extent wind damage, wintering and diseases are all a 
function of climate and express themselves as locational differences 
in yield. 
3.2 ANALYSING YIELD PATTERNS 
Having outlined the major factors influencing yield it is 
appropriate to examine the 'technical conditions' of production, that 
is, the nature or pattern of the relationships between the yield levels 
of various clones and the years of tapping. It should be stressed that 
the present effort is not to construct predictive 'econometric models'. 
This is necessarily a formidable exercise, and there is insufficient 
data to provide a realistic forecast on this basis. The aim in this 
study is merely to gather some reasonably acceptable facts about the 
yield-age relationship, so that forward estimates can be more confi-
dently made. 
3.2.1. Method of Analysis 
Yield data. Data for the analysis were derived from two 
sources: (a) yields from estates included in the respective yearly 
'commercial registration' and Costing and Management studies undertaken 
by the R.R.I.M. and (b) a special survey of yields on selected estates. 
The former provided the necessary information for the first ten years of 
tapping, while the latter was designed to collect data for the subsequent 
periods. Statistics on yields for the different stages of tapping could 
not be secured from smallholdings, since such records are not normally 
kept. This does not present a problem in this study, because there is 
no reason to suspect significant differences in yield-age relationship 
between estates and smallholdings. 
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The commercial registration was started in the early sixties 
with the aim of recording the performances (mainly in terms of yield 
and susceptibility to wind damage and diseases) of modern high-yielding 
planting materials under large-scale commercial plantings in various 
parts of West Malaysia. Mean yields for each year of tapping, segre-
gated according to planting material and tapping system, are computed 
and published annually for the reference of planters in the January issue 
of the R,R.I.M. Planters' Bulletin. Other secondary characteristics of 
the rubber tree are also presented. 
Individual yield data contained in the original questionnaires 
were scrutinized in order to obtain some idea of the 'scatter' in yield 
about the mean value for a given year of tapping. Such individual data 
were•required in the determination of yield variability, which is dis-
cussed in the next chapter. Most 'fields' - divided lots of land in a 
given estate, each usually comprising a homogeneous clone planted at the 
same time - have only been included in the commercial registration for 
four to five years only, and the first recording may not have coincided 
with the commencement of tapping. Thus each field shows a continuous 
annual yield over three to four years, but the period may fall anywhere 
between the first and the tenth year of tapping. It is now difficult 
to assemble a complete set of earlier records on yield performance 
pertaining to each individual field, and the pattern of yield scatter 
can only be gleaned by analyzing the more recently collected information. 
The published mean yields are available for the first six to 
twelve years of tapping only, depending on planting material; most of 
the modern high-yielding clones included were recommended for large-
scale commercial plantings only in the late fifties and early sixties. 
The mean values so computed are improved annually as more estates, or 
fields, are included in the Commercial Register. 
5.5 
Some useful information can also be obtained from the R.R.I.M, 
estate Costing and Management studies. The mean yields of different 
planting materials, computed both from data recorded in the commercial 
registration and from the estate management studies up to the end of 
12 
1969, have already been published for use by estate managements. 
The mean yields relevant to planting materials used in the 
schemes being studied - RRIM 513, RRIM 605, RRIM 607, RRIM 623, PB 86, 
PR 107, Tjir 1 BD and Tjir 1 CS - are presented in Table 3.1, These 
yields, from S/2.d/2 100% tapping system over the first ten years, are 
employed in the present analysis. 
To analyze yield patterns for the remaining period of the 
exploitation cycle, a survey was carried out of yields from older clones 
or seedlings on 23 selected estates (Chapter 2, p.44). Altogether, ten 
old clones and seedlings - Tjir 1 BD, GL 1, Pil B.84, PB 86, PB 25, 
PBIG/CS, S 24, AV 49, AV 256 and 'mixed' - planted in over 100 fields on 
the estates were covered in the survey. The planting materials were 
recorded as having been tapped on the S/2.d/2 100% system on virgin bark 
and on a greater part of the first renewal. After this period, varying 
tapping systems were used. Information for the first ten years of tapping 
was also available for five clones. The results, set out in Table 3.2 
and discussed in the following section, were considered sufficient to 
produce reasonable estimates of mean values. 
Regression analysis approach. In the analysis of the physical 
relationships between yield and age of tapping it is assumed that age is 
an 'input'. The yield of the rubber tree, therefore, can be said to 
'vary with' its age in tapping, while other factors are broadly 'fixed'. 
^^Rubber Research Institute of Malaya, Guide to Estate Management: 1970 
Edition, Economics and Planning Division Report No. 7, June 1970, 
pp.2-13. 
TABLE 3.1. MEAN YIELDS (LB/ACRE) OVER THE FIRST TEN YEARS OF TAPPING OF SELECTED CLONES TAPPED ON S/2.d/2 100% 
SYSTEM IN COMMERCIAL ESTATES^ 
Year of 
tapping 
RRIM 513 RRIM 605 RRIM 607 RRIM 623 PB 86 PR 107 Tjir 1 BD Tj ir 1 CS 
1 672 (66) 7 94 ( 85) 564 (17) 784 (131) 496 ( 21) 396 ( 72) 644 (12) 641 (14) 
2 995 (87) 1,028 (102) 872 (22) 1,154 (140) 682 ( 68) 639 ( 95) 681 (13) 683 ( 6) 
3 1,225 (63) 1,262 ( 61) 1,078 (15) 1,170 ( 99) 911 ( 92) 883 (108) 773 (13) 7 92 (14) 
4 1,393 (47) 1,328 ( 55) 1,185 ( 9) 1,299 ( 68) 1, 046 (101) 1,076 (106) 1,046 (11) 950 (12) 
5 1,407 (37) 1,348 ( 25) 1,290 ( 5) 1,374 ( 37) 1, 157 (111) 1,188 (101) 1,107 (13) 1,15 9 (14) 
6 1,473 (22) 1,539 ( 19) 903 ( 2) 1,444 ( 13) 1, 214 ( 84) 1,279 (100) 1,228 (14) 1,162 (13) 
7 1,463 (24) 1,597 ( 5) 1,249 ( 2) 1,651 ( 11) 1, 284 ( 66) 1,396 ( 95) 1,327 (11) 1,164 (13) 
8 1,379 (12) 1,217 ( 7) - 1,867 ( 2) 1, 346 ( 62) 1,522 ( 85) 1,344 ( 7) 1,246 ( 9) 
9 1,558 ( 7) - - - 1, 369 ( 43) 1,575 ( 60) 1,147 (11) 1,083 ( 7) 
10 1,365 ( 3) - - - 1, 392 ( 40) 1,591 ( 40) 951 ( 3) -
S imp1e 
mean 
1,293 1,264 1,020 1,343 1. 090 1,155 1,025 987 
Figures in parentheses denote number of fields. 
Source: Rubber Research Institute of Malaya, 1971. Extracted from commercial registration and from costing and 
management studies. 
a^  
TABLE 3 . 2 . MEAN YIELDS (LB/ACRE) OF OLD PLANTING MATERIALS OVER THE WHOLE TAPPING CYCLE 
Year in 
tapping 
Tjir 1 BD GL 1 P i l .B 84 Mixed PB 86 PB 25 PBIG/CS S 24 AV 49 AV 256 
1 540 ( 3) 644 ( 3) 209 1) 483 2) 496 3) 350 (1) -
- - -
2 728 ( 7) 689 ( 3) 237 1) 513 2) 682 3) 443 (1) - - - -
3 812 ( 9) 802 ( 3) 532 1) 629 3) 911 3) 866 (1) - - - -
4 881 ( 9) 918 ( 3) 577 1) 784 3) 1 ,046 3) 829 (2) - - - -
5 995 ( 9) 1,112 ( 3) 878 1) 970 3) 1,157 2) 953 (2) - - - -
6 1,016 (20) 1,194 ( 4) 663 13) 922 4) 1,214 2) 814 (5) - - - -
7 1 ,019 (21) 1 ,230 ( 4) 7 64 13) 894 4) 1,284 2) 910 (5) - - - -
8 1,101 (23) 1,362 ( 5) 722 13) 1,005 4 ) 1 ,346 2) 864 (5) - - - -
9 1,083 (23) 1,161 ( 5) 719 13) 1,077 4 ) 1 ,369 4) 776 (5) - - - -
10 1,072 (23) 1,035 ( 6) 706 13) 1,015 4 ) 1,392 4 ) 758 (5) - - - -
11 1,075 (23) 950 ( 6) 842 13) 1,001 4 ) 956 4 ) 849 (5) - - - -
12 1,095 (23) 1 ,079 ( 6) 864 13) 948 5) 913 4 ) 820 (5) - - -
13 1,121 (23) 903 ( 6) 981 13) 1,077 5) 1 ,103 5) 931 (5) 1 ,140 ( 2) - - -
14 1,037 (27) 775 ( 7) 1,015 13) 1 ,280 6) 1,214 5) 952 (5) 1,261 ( 6) -
15 1,033 (29) 735 ( 8) 1,058 12) 1,101 7) 895 6) 1,066 (6) 1,412 (17) -
16 1,005 (29) 961 ( 7) 1,081 12) 1 ,109 6) 1,294 7) 1,012 (6) 1 ,480 (25) -
17 1,022 (28) 1,207 ( 8) 958 12) 1 ,078 8) 1,243 9) 1 ,160 (6) 1,531 (28) -
18 993 (28) 1,104 ( 9) 1,097 12) 1 ,229 10) 1,395 12) 1,123 (5) 1,431 (30) -
19 924 (27) 893 ( 7) 1,075 2) 1,256 12) 1,422 12) 1 ,120 (4) 1,406 (34) -
20 874 (27) 821 (10) 1 ,020 2) 1,363 15) 1 ,446 11) - 1,403 (36) -
21 850 (29) 702 ( 4) 912 2) 1,224 15) 1 ,339 11) - 1,299 (36) 686 (2) 1 ,093 (1) 521 (2) 
22 838 (28) 633 ( 2) 813 2) 1 ,118 15) 1,247 10) - 1,147 (35) 587 (2) 1 ,170 (1) 391 (3) 
23 849 (22) 713 ( 2) 851 2) 1 ,016 15) 1 ,239 7) - 1,087 (37) 518 (2) 1 ,234 (1) 546 (4) 
24 832 (17) 852 ( 2) 864 2) 1,031 14) 1,214 7) - 1,059 (28) 483 (2) 1 ,155 (2) 600 (4) 
25 759 (13) 786 ( 2) 850 2) 1,034 12) 1,111 5) - 1,081 (17) 409 (2) 1 ,044 (2) 688 (4) 
26 7 24 (10) 775 ( 2) 842 2) 996 10) 1,052 4) - 888 ( 8) 469 (2) 852 (3) 618 (4) 
27 694 ( 6) 746 ( 2) 787 2) 1,037 8) 1,188 4) - 975 ( 8) 665 (1) 792 (3) 578 (4) 
28 672 ( 4 ) 799 ( 2) 826 1) 944 6) 1,053 2) - 954 ( 4 ) 615 (1) 720 (3) 563 (4) 
29 704 ( 3) 848 ( 2) 731 1) 989 5) 1 ,020 2) - 885 ( 1) 1 ,020 (2) 490 (4) 
30 464 ( 3) 403 ( 2) 854 3) 316 (3) 
Figures in parentheses denote the number of fields, 
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The age of tapping can be viewed as a composite factor which includes 
a number of tappable trees in an acre and a fixed quantity of ferti-
liser per tree. 
The yield-age relationship may be generally expressed in the 
algebraic form: 
Y = f(X) 
where Y is yield and X years in tapping. 
A scrutiny of graphed yields revealed that, for the purpose 
of this study, the entire exploitation cycle could be divided into 
three equal periods of ten years each. This was because a clear line 
of demarcation could be drawn between these intervals in respect of 
the nature of yield, which is greatly influenced by the tapping panels 
outlined above. In the main distinct yield patterns are physiologically 
associated with tapping on the virgin bark over the first ten years 
(panels A and B), bark of first renewal over the eleventh to the 
twentieth year (panels C and D), and high and low tapping cuts over 
the twenty-first to the thirtieth year (panels E and F). This split 
by tapping panels eliminates the unnecessarily cumbersome use of func-
tions of third or higher degree. The ten year divisions also improved 
the coefficient of determination. 
Examination shows that, for a given period and a given clone, 
the yield-age relationship may most appropriately take one of the 
following algebraic forms: 
(3.1) Y = a + bX 
2 (3.2) Y = a + bX + cX 
(3.3) Y = aX^ 
(3.4) Y = ab^ 
where a is the intercept and b and c regression coefficients. Forms 
(3.1) and (3.2) are, respectively, simple linear and polynomial 
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regressions, while (3.3) and (3.4) are exponential functions. For 
ease of computation, the latter two are usually expressed in logarithmic 
form as 
(3.3b) log Y = log a + b log X 
(3.4b) log Y = log a + X log b 
The simple linear regression was found most appropriate, in 
2 
terms of the coefficient of determination (R ), for describing the 
nature of the yield-age relationship for all clones over the 21 to 30 
year period, and for a few others in the 11 to 20 year period. At 
first appearance, the choice was less clear cut in respect of non-linear 
trends, especially for yields in the first ten years of tapping. To 
enable comparison, forms (3.2), (3.3b) and (3.4b) were fitted to mean 
yields from the eight clones used on the schemes investigated. In all 2 
cases the value of R in respect of the polynomial function is highest, 
ranging from 0.776 to 0.966 (Table 3.3). 
TABLE 3.3. COEFFICIENTS OF DETERMINATION (R^) OF DIFFERENT ALGEBRAIC 
FORMS AS FITTED TO YIELDS OVER THE FIRST TEN YEARS OF 
TAPPING OF SELECTED CLONES 
Clone Y=a+bX+cX^ 
(3.2) 
log Y=log a+b log X 
(3.3b) 
log Y=log a+X log b 
(3.4b) 
RRIM 513 0.928 0.825 0.554 
RRIM 605 0.899 0.772 0.561 
RRIM 607 0.776 0.691 0.489 
RRIM 623 0.940 0.941 0.902 
PB 86 0.947 0.916 0.812 
PR 107 0.966 0.930 0.829 
Tjir 1 BD 0.867 0.707 0.535 
Tjir 1 CS 0.918 0.876 0.779 
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In practice, the choice of function should also take into 
account the situation in which it is to be applied. A closer scrutiny 
of yield data indicated that, in most cases, yield per acre displayed 
a fall aft er reaching a peak at some stage in tapping. Since the double~ 
logarithmic function tends to be asymptotic and flattens out as age 
advances, it is less acceptable than a simple p ^ y n o m i a l . The latter 
allows for a decreasing total yield and as such provides a more realistic 
presentation of the actual situation. This property of a polynomial is 
particularly useful later on when it is found necessary in some cases 
to extrapolate the fitted functions and predict yields for one or two 
years outside the range of observed data. , 
The polynomial function of form (3.2) is thus employed in 
deriving the physical yield-age relationships from sets of data which 
exhibit a curvature in trend. Where there is no ^ priori reason to 
suspect a curvature, a linear regression of form (3.1) is fitted. 
Mean yields versus individual yields. In this study all 
regressions are fitted to the annual mean yields determined for the 
three ten year periods (Tables 3.1 and 3.2). The fact that information 
on the individual observations (from which such means were calculated) 
is not a serious difficulty. This is because the physical yield-age 
relationship of a particular planting material can be satisfactorily 
derived from the mean values. 
As an example, regressions have been fitted to both the mean 
values and individual yield data over the first to the tenth year of 
tapping for clone RRIM 501 - one of the few clones for which some 
statistics on individual yield data are obtainable from R.R.I.M. 
Commercial Register. The results are presented in Table 3.4, which 
shows that the estimated equations based on the two sets of data are 
almost identical; the differences between the intercepts and the 
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regression coefficients are insignificantly small. Both the mean and 
individual values for each of the ten years are plotted in Figure S.l, 
together with the common fitted curve; the difference between the 
equations is too small for two separate curves to be shown (Table 3.4). 
TABLE 3.4. REGRESSIONS RELATING YIELD PER ACRE (Y) AND YEAR IN TAPPING 
(X) OVER THE FIRST TEN YEARS FOR CLONE RRIM 501: A 
COMPARISON BETWEEN USING MEAN AND INDIVIDUAL YIELD DATA 
Regression equation Degree of freedom 
R2 (%) Level of significance 
Regression fitted to individual 
yield data^ 
-103.431 + 484.934X - 32,821X^ 77 64 P< 0.001 
Regression fitted to mean 
yields^ 
-103.532 + 484.927X - 32.818X^ 7 98 P<0.001 
^Eight observations in each of the ten years. 
Annual means computed from (a). 
Both regressions are significant at the 0.1 percent level (Tables 3,4 
and 3.5). The regression based on mean yields has only seven degrees 
of freedom (10-3), it being necessarily restricted by the tapping 
period involved, as compared to the 77 degrees of freedom if a line is 
fitted to the individual yields observed for each year. 
Naturally, there is a much greater degree of variation of 
individual observed yields about the fitted line than the variation of 
2 
the mean values, (as shown by the big difference in R in Table 3.4 
and the scatter in Figure 3.1). The analysis of variance in Table 3.5 
shows that the variance arising from the fluctuation in individual 
yields is 108051, whilst that arising from the fluctuation in mean 
yields is 4985. The coefficients of variation (based on the overall 
mean yield of 1300 lb per acre over the first to the tenth year) work 
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out at 25.3 and 5.4 percent respectively. The former value is the 
appropriate one to use in describing the variability in yield. Unless 
TABLE 3.5. RESULTS OF ANALYSIS OF VARIANCE: A COMPARISON BETWEEN 
USING MEAN AND INDIVIDUAL YIELD DATA OVER THE FIRST TEN 
YEARS OF TAPPING FOR RRIM 501 
Source of variation 
Degree 
of 
freedom 
Sum of 
squares 
Mean 
squares F.value 
Based on individual yields 
Due to polynomial 
regression 2 14683934 7341967 
Deviation from polynomial 
regression 7 281025 40146 
Within years 70 8038910 114842 
Residual 77 8319935 108051 
Total 79 23003869 
Based on mean yields 
Due to polynomial 
regression 2 1835706 917853 
Residual 7 34898 4985 
Total 9 1870604 
denotes the regressions are significant at the 0.1 percent level 
stated otherwise, the subsequent discussions refer to this type of 
variation. The measure of variability in a particular situation is 
determined in a separate analysis (Chapter 4). 
3.2.2. Nature of Yield Over the First Ten Years 
High-yielding planting materials. Mean yields secured from 
eighteen planting materials included in the R.R.I.M. Commercial Register 
- RRIM 501, RRIM 513, RRIM 526, RRIM 527, RRIM 600, RRIM 603, RRIM 605, 
RRIM 607,RRIM 612, RRIM 623, PB 5/51, PB 5/63, PB 86, PR 107, GT 1, 
LCB 1320, Tjir 1 BD and Tjir 1 CS - have been examined. It has been 
estimated that these planting materials accounted for 71 percent of the 
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13 total 1.3 million acres planted on estates between 1946-1968. PB 86 
and Tjir 1 CS occupied the largest area, each comprising about 11 
percent of the total acreage. Since the early sixties, RRIM 600, 
RRIM 605, and RRIM 623 have become the most popular modern high-yielding 
clones. 
To provide an indication of the trend in yield, equation (3.2) 
has been fitted to the mean values, spread over seven to 10 years, for 
each clone. The estimated regressions are given in Table 3.6. It may 
2 
be seen that the values of R are very high and that most of the 
regressions are significant at the 0.1 percent level. The coefficients 
of the squared terms are negative, except those of RRIM 623 and GT 1, 
suggesting that yield per acre declines after some years of exploitation. 
The results for RRIM 501 in Table 3.6 are different from those shown in 
the second part of Table 3.4 because the former are based on a much 
bigger sample. 
The regression equations in Table 3.6 are classified into 
three groups: (a) RRIM 501, RRIM 513, RRIM 526, RRIM 527, RRIM 605, 
RRIM 607, RRIM 612, PB 5/51, Tjir 1 BD and Tjir 1 CS; (b) RRIM 600, 
PR 107, PB 86, PB 5/63 and LCB 1320 and (c) RRIM 603, RRIM 623 and GT 1. 
The classification was arrived at after a statistical investigation to 
test differences between the regression coefficients for the various 
planting materials; initially all the equations were graphed to provide 
an indication of the groups for such an analysis. In Table 3.6 
differences between the regression coefficients within each of the three 
groups are not statistically different (see Table G3.1), indicating a 
similar yield-age relationship. In view of this, common regression 
Rubber Research Institute of Malaya, 'Planting Materials Used in 
West Malaysia 1968', Planters' Bulletin, No.107, March 1970, 
pp.42-48. 
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TABLE 3.6. INDIVIDUAL REGRESSIONS RELATING YIELD PER ACRE (Y) AND 
YEAR IN TAPPING (X) OVER THE FIRST TEN YEARS 
(HIGH-YIELDING PLANTING MATERIAL) 
Clone Regression equation 
Degree 
of 
freedom 
R2 
( 7 c ) 
Level of 
significance 
Group A 
RRIM 501 369 + 346.2X - 24.28X^ 7 96 P< 0,001 
RRIM 513 472 + 291.5X - 20.32X^ 7 93 P< 0,001 
RRIM 526 147 + 365.6X - 33.37X^ 4 91 P<0,01 
RRIM 527 499 + 357.3X - 29.01X^ 7 97 P<0.001 
RRIM 605 454 + 351.4X - 30.24X^ 5 90 P< 0,001 
RRIM 607 291 + 347. 7X - 33.08X^ 4 78 P< 0.02 
RRIM 612 225 + 298.2X - 23.50X^ 4 98 P< 0,001 
PB 5/51 376 + 333,7X - 22.lOX^ 7 96 P<0.001 
Tjir 1 BD 250 + 283.OX - 20.31X^ 7 87 P<0,001 
Tjir 1 CS 362 + 213.8X - 14.02X^ 6 92 P<0.001 
Common regression 
coefficients b = 285.0 c = -20.44 
Group B 
PR 107 158 + 269.8X - 12.65X 7 96 P<0.001 
PB 86 287 + 233.4X - 12.50X^ 7 95 P< 0.001 
RRIM 600 637 + 247.9X - 8.70X^ 6 94 P<0.001 
PB 5/63 540 + 258.4X - 14.86X^ 5 88 P<0,01 
LCB 1320 288 + 266.IX - 15.30X^ 7 97 P< 0.001 
Common regression 
coefficients b = 259.3 c = -13.24 
Group C 
RRIM 603 561 + 109.4X - 1.48X 5 88 P<0.01 
RRIM 623 772 + 119.9X + 1.26X^ 5 94 P<0.001 
GT 1 562 + 108.OX + 10.54X^ 4 95 P<0.001 
Common regression 
coefficient s b = 143.8 c = -0.06 
66 
coefficients have been computed for each group (Table 3.6). This 
classification implies that differences betv7een groups are statisti-
cally significant. 
Figure 3.2 presents a geometrical view of yield patterns 
for the three 'families' of clones, as represented by RRIM 607 (group 
A), PB 5/63 (group B) and GT 1 (group C). The intercepts, a, of the 
regression equations for these three selected clones have been re-
calculated using the common regression coefficients for each group. 
While yield increases rapidly over the initial years of 
tapping, the 'elasticity coefficient', which specifies the relative 
increase in yield and age in tapping, varies between the three groups. 
The elasticity coefficient, denoted by symbol E, can be represented as 
E = ^ / ^ ^ A X / X 
where A Y and A X are, respectively, changes in yield and age. If A X 
is equal to one, it will be seen that E is less than one, since Y is 
usually greater than A Y and can never be smaller than X in this case 
(X is an integer with a value less than This means that the 
'marginal' yield, defined here as the additional yield over the previous 
year, must diminish. It increases if the elasticity coefficient is 
greater than one, and remains constant when the elasticity is exactly 
equal to one. The significance of this is that yield begins to drop 
earlier if it is less elastic to advancing age, unless it is boosted by 
an exogeneous factor (such as the yield stimulant discussed below). 
The elasticity coefficient is lowest in group A, while that 
in group C is highest; grdup B has a medium elasticity. This means 
that the marginal yield in group A diminishes fastest, followed by that 
in groups B and C. The marginal yield for each group can easily be 
secured from the common regression coefficients by differentiation as 
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Group A 
Group B 
Group C 
f'(X) = 285.0 - 40.88X 
f (X) = 259.3 - 26.48X 
f'(X) = 143.8 - 0.12X 
Employing the rules for finding maxima of functions in one variable 
/f'(X) = 0, f"(X) < , 0 / , it may be found that peak yields of clones in 
groups A and B occur in the seventh and tenth year respectively. The 
yield in group C does not display a fall even towards the end of the 
tenth year. 
Eight of the eighteen clones examined in Table 3.6 were planted 
in the land development schemes under study; their mean yields over 
the one to 10 year period have already been given in Table 3.1. RRIM 
623, with an overall mean of 1,343 lb per acre, is the highest yielder; 
RRIM 513 at 1,293 lb is next, followed closely by RRIM 605. These 
three clones were planted in combination on all the six F.L.D.A. 
schemes, but formed only a small proportion of total planted areas on 
the State and Fringe schemes. Most areas in the latter schemes were 
planted with relatively low yielders, especially Tjir 1 BD and Tjir 1 
CS. 
Five of the clones of interest (RRIM 513, RRIM 605, RRIM 607, 
Tjir 1 BD and Tjir 1 CS) are found in group A , two (PR 107 and FB 86) 
in group B, and one (RRIM 623) in group C. A closer statistical 
examination has been made of the yields of these clones. Since the 
yield patterns of clones in groups A and B are not grossly different 
_/see analysis of variance in Table G3.2(aJ^/, an attempt has been made 
to determine whether the intercepts, which influence the absolute yield 
levels of clones, are significantly different within each group. The 
procedure involves re-calculating the intercepts on the basis of the 
common regression coefficients for each group and using a t-test. The 
new intercepts computed in the manner outlined and their least signifi-
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cant differences (L.S.D.) at the probability level of five percent are 
presented in Table G3.2(b). These indicate that the differences 
between intercepts of (a) RRIM 607, Tjir 1 BD and Tjir 1 CS and (b) 
RRIM 513 and RRIM 605 in group A are not significant at the five per-
cent level. The difference between PR 107 and PB 86 in group B is, 
however, significant, denoting that their yield capacities are different 
It is thus acceptable to recompute a 'pooled' regression for 
those clones whose intercepts and regression coefficients are not sta-
tistically different, i.e. RRIM 607, Tjir 1 BD, and Tjir 1 CS; and 
RRIM 513 and RRIM 605. For those clones the intercepts of whose esti-
mated equations are statistically different but whose regression coeffi-
cients are not (i.e. PR 107 and PB 86), common regression coefficients 
are estimated. The results are presented in Table 3,7; the equation 
for RRIM 623, which is the only clone taken from group C above, is also 
included. 
TABLE 3.7: POOLED EQUATIONS RELATING YIELD PER ACRE (Y) AND YEAR IN 
TAPPING (X) FOR EIGHT CLONES PLANTED ON SCHEMES 
Clones Pooled Regression Equations 
RRIM 607, Tjir 1 BD and 
Tjir 1 CS 
RRIM 513 and 605 
PR 107 
PB 86 
RRIM 623 
(3.5) Y = 309 + 260.3X - 18.63X^ 
(3.6) Y = 574 + 260.3X - 18.63X^ 
(3.7) Y = 255 + 251.6X - 12.58X^ 
(3.8) Y = 190 + 251.6X - 12.58X^ 
(3.9) Y = 772 + 119.9X + 1.26X^ 
Old planting materials. Table 3.2 includes the yields, 
secured in the survey of yields on selected estates, of PB 25, GL 1, 
Pil.B 84 and 'mixed' material, in the first ten years of tapping. The 
figures on 'mixed' material were extracted from the records of fields 
containing two or more clones and for which a split was not possible. 
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Here again the polyncmial regression was found to fit the 
data best (Table 3.8). The results of an analysis of variance show 
that these four old clones display a similar physical yield-age rela-
tionship, as demonstrated by insignificant differences between their 
regression coefficients _/see Table G3.3(a_)_/. Their absolute yield 
levels, as indicated by the intercepts, are different however _/Table 
G3.3(bl/. The estimated equations in Table 3.8 are 'pooled' in Table 
3,9. The latter results are also graphed in Figure 3.3(a). 
TABLE 3.8. INDIVIDUAL REGRESSIONS RELATING YIELD PER ACRE (Y) AND YEAR 
IN TAPPING (X) OVER THE FIRST TEN YEARS (OLD PLANTING 
MATERIAL) 
Clone Regression equation 
Degree 
of 
freedom 
R2 
(%) 
Level of 
significance 
GL 1 322 + 233.6X - 15.37X^ 7 90 P<0.001 
PB 25 142 + 242.3X - 18.67X^ 7 83 P<0.01 
Pil. B 84 -41 + 223.7X - 15.30X^ 7 86 P<0.01 
Mixed 294 + 152.2X - 7.83X^ 7 93 P<0.001 
Although the yields of the old planting materials are much 
lower than those of modern high-yielding clones (compare Tables 3.1 and 
3.2), it is most interesting to note that their yield pattern is not 
TABLE 3.9. POOLED REGRESSIONS OF YIELDS OF OLD CLONES (Y) ON YEAR IN 
TAPPING (X) IN 1-10 YEAR PERIOD 
Clone Mean yield (lb/acre) Pooled Regression 
GL 1 1,015 407 + 206.IX - 13.66X^ 
r\ 
PB 25 756 148 + 206.IX - 13.66X 
Pil. B 84 601 
2 -7 + 206.IX - 13.66X 
r\ 
Mixed 829 221 + 206.IX - 13.66X 
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different from that exhibited by the clones in group A referred to 
earlier, A statistical analysis of differences is set out in Table 
G3.4. The similarity in yield trend can be seen by comparing Figure 
3.2 (group A) with Figure 3.3(a), 
3.2.3. Nature of Yield from Bark of First Renewal 
Panels C and D, the bark of first renewal from panels A and B, 
are exploited for about ten years. This stage is assumed to start at 
the eleventh year of tapping, although some variation can be expected 
in practice according to the rates of bark consumption. Table 3,2 also 
contains mean yields for this period (the eleventh to twentieth year) 
for seven old planting materials examined in the estate yield survey. 
These are PBIG/CS, PB 86, Tjir 1 BD, PB 25, Pil,B 84, GL 1 and 'mixed'. 
The data have been subjected to regression analysis as above. The 
simple linear form gives the line of best fit for PB 86, GL 1 and 
'mixed', while the polynomial is superior still in the case of the other 
five planting materials (Table 3.10). Of these, only PB 25 and Pil. B 84 
exhibit a similar pattern. 
The results in Table 3.10, when graphed in Figure 3.3(b), are 
in sharp contrast to the homogeneous pattern displayed over the first 
TABLE 3.10. REGRESSIONS OF YIELDS OF OLD CLONES (Y) ON YEAR IN TAPPING 
(X) IN 11-20 YEAR PERIOD 
Clones Mean yield (lb/acre) 
3 Regressions 
PBIG/CS 1,383 -4,095 + 643,9X - 18,55X^ 
PB 86 1,188 256 + 60. IX 
Mixed 1,136 680 + 29.4X 
Tjir 1 BD 1,018 742 + 61.OX - 2,69X^ 
PB 25 and Pil.B 84 996 -644 + 192.2X - 5.37X 
GL 1 943 937 + 0,4X 
^All are significant at the 0.01 percent level, except GL 1 which is not 
significant at the 0.5 percent level. 
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ten years of tapping /_Figure 3.3(al/. The much Less uniform trend in 
yield can perhaps be expected, since by this time the yield is generally 
more sensitive to environmental factors outlined earlier. A rising 
trend is nevertheless evident, except with Tjir 1 BD. The decline for 
the latter clone is due to the unusually high incidence of wind damage 
recorded in most of the fields surveyed. It is also manifest that, 
except for GL 1, the annual yield levels during this period are higher 
than those for the first ten years of tapping. The overall mean yields 
for some of these clones are included in Tables 3.9 and 3.10. 
Physiological factors apart, higher levels are also the result 
of yield stimulation. The stimulants used on the estates surveyed were 
either 2,4,5-T or 2,4-D, applied at half-yearly intervals. For two decades 
now yield stimulation has been widely accepted as a necessary process 
for efficient exploitation of most planting materials at some stage in 
the life of the trees. The stimulants act as inhibitors to plugging 
and lengthen the latex flow time. While the yield response is substan-
tial, it varies widely with planting material and other environmental 
factors. The use of stimulants is not recommended at the moment on 
virgin bark, in view of the small and erratic response found in past 
experiments. Further trials are now being conducted to study the 
responsiveness of the rubber tree to newer stimulants on virgin bark. 
Appropriate estimating equations. In view of the variable yield 
patterns from the eleventh to the twentieth year a regression has been 
fitted to the average yields of all the clones excepting Tjir 1 BD and 
GL 1. Clone Tjir 1 BD was reported to have been badly affected by wind 
damage, while GL 1 was not treated with yield stimulants. 
Figure 3.4 shows that the curvature of the fitted line, 
especially towards the end of panel D (the fifteenth to the twentieth 
year) is much less pronounced than would be expected in practice; the 
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coefficient of the squared term is nevertheless significant at the 0.1 
percent level (Table G3.5). It is the general opinion among botanists 
and planters that the yield pattern is more likely to be similar to that 
observed over the first ten years of tapping. With the use of yield 
stimulants, however, the curve reaches its peak relatively earlier^ 
probably between the thirteenth and the fifteenth year (i.e. about three 
to five years after the first renewed bark on panel C is opened, as 
compared to seven to 10 years after the opening of panel A)j and flattens 
thereafter until the end of panel D. In this sense the yield pattern 
of PBIG /Figure 3.3(b_}_/ may be considered as a closer approximation of 
the expected trend. 
The 'average' yield pattern shown in Figure 3.4 is therefore 
not consistent with the practical experience. The 'pooling' of yields 
for various clones whose yield pattern has been shown to be statistically 
different (Table G3.5) is also not satisfactory. Because of this an 
alternative approach, using the relationship between yields over the 
first ten years of tapping and those over the second ten years, has been 
employed for estimating the yield-age relationship for the eleventh to 
the twentieth year. 
Data for this alternative approach are available for six 
planting materials - Tjir 1 BD, GL 1, PB 86, Pil.B 84, PB 25 and 'mixed' 
(Table 3.2, p.57). Tjir 1 BD and GL 1 are not included for the reasons 
already m.entioned. Plotting the mean yields for each of the four 
remaining clones in the eleventh year against their mean yields in the 
first year, and the mean yields in the twelfth year against those in the 
second year, and so on, indicates a positive linear relationship in all 
cases. Linear regressions were also fitted to the data, and the rela-
tionships found are highly significant (Table 3.11). A further statis-
tical analysis reveals that both the slopes and intercepts of the four 
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TABLE 3.11. REGRESSIONS OF YIELDS OF SELECTED CLONES IN 11-20 YEAR 
PERIOD ON YIELDS IN l-IO YEAR PERIOD (Y.) 
Clone Regression 
Degree 
of 
freedom 
R2 
(7o) 
Level of 
significance 
PB 86 y 1+10 = 589 + 0.549Y. 1 8 74 P< 0.01 
Pil.B 84 Y i+lO = 795 + 0.340Y. 1 8 82 P< 0.001 
PB 25 Y i+10 = 696 + 0.419Y. 1 8 64 P< 0.02 
Mixed Y i+10 = 795 + 0.412Y. 1 8 66 P<0.01 
estimated equations are not grossly different (Table G3.6). In view of 
this, the regressions are pooled and a fresh equation is re-calculated 
as follows: 
Y . , = 712 + 0.454Y. 
1+10 1 
(3.10) 
where Y is yield per acre and the subscript, i, the year in tapping 
from the first to the tenth year. 
It is felt that equation (3.10) provides a sufficiently 
useful guide in this study for yield estimation over the eleventh to 
the twentieth year. Admittedly, as will be explained later, the 
approach is rather cumbersome, but there would seem to be no other 
convenient or practical alternative apart from 'informed' guesses. 
While such guesses may be satisfactorily employed, with the assistance 
of experts, for the evaluation of a single project, the task is almost 
impossible where twenty schemes are concerned. 
3.2.4. Nature of Yield From Bark of Second Renewal 
The evidence gleaned from the estate yield survey shows that 
the yield of the rubber tree begins to decline, at a linear rate, when 
bark of second renewal and virgin bark are tapped on panel E (Table 
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3.2, p.57). This occurs at about the twentieth year of exploitation, 
despite a continued application of yield stimulants and the intensive 
two-cut tapping system. The linear regressions fitted to mean yields 
over this period are given in Table 3.12, and the results of the 
analysis of variance are summarised in Tables G3,7(a) and (b). The 
estimated equations are plotted in Figure 3.3(c). 
TABLE 3.12. REGRESSIONS OF YIELDS OF OLD CLONES (Y) ON YEAR IN 
TAPPING (X) IN 21-30 YEAR PERIOD 
Clone Mean yield (lb/acre) Regression 
PB 86 1,163 2,002 - 33.6X 
PBIG, Mixed and AV 49 1,025 1,870 - 33.6X 
Pil.B 84 and Tj ir 1 BD 782 1,630 " 33.6X 
BD 5 726 887 - 6.3X" 
S 24 and AV 25 6 541 700 -
•k Not significant at the 0.5 percent level, 
Table 3.12 shows that, ignoring the two insignificant 
regressions (BD 5 and S 24 and AV 256), the yield diminishes by about 
34 lb per acre per year. A further scrutiny of the existing data 
suggests that while the yield drops linearly, the rate of fall (Y) 
appears to be positively related to the initial yield level (X); an 
analysis of data yielded an estimated equation of y = 25.5 + 0.059X 
and a coefficient of determination of 0.64 (P<0.01), The higher the 
yield the greater is the rate of fall, and vice versa, the difference 
being about six lb per year between any two planting materials with an 
overall yield difference of one hundred pounds. The relatively low 
yields of BD 5, S 24 and AV 256 might have contributed to the 'constant' 
yield level over the last ten years of exploitation /Figure 3.3(cl/. 
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3.3 EXPECTED YIELDS IN SELECTED LAND SCHEMES 
3,3,1. Estimates Based on Past Trends 
The future physical output on the selected land development 
schemes has been estimated on the aasumption that the yield patterns 
observed in commercial estates are the expected yield patterns on the 
schemes. Thus the expected mean yield for each year on a particular 
scheme may be predicted directly using an appropriate estimating equation. 
There are however two practical problems. First, while two schemes may 
have the same planting material, their actual physical output may vary 
according to the general standard of upkeep and the environmental factors 
adumbrated before. It will therefore be incorrect to assume that the 
two schemes have equal expected yields. Another problem is that 
physical yields in most schemes can be expected to be inferior to those 
observed on commercial estates, principally because of the relatively 
inferior husbandry and lack of care during the development period. The 
expected yield differences between schemes with the same planting 
material, and their lower yield level as compared with the estates, must 
therefore be allowed for in forward estimates. 
Consideration must also be given to the possible beneficial 
effect of improved technology on production. While a study of past 
trends provides some guide in the preparation of forward estimates, 
the figures obtained in this way will have to be adjusted in the light 
of the actual and expected situation in each scheme. 
Differences in yield between estates and schemes. Most 
schemes being studied had already been in production for at least two 
years, and this afforded an opportunity to compare their actual perfor-
mance with that on commercial estates. Attempts were therefore made 
to obtain the yields of both latex and scrap on the F.L.D.A. schemes 
from the Authority, and the yields of the State and Fringe schemes from 
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either the Malaysian Rubber Development Corporation (M.R.D. or group 
processing centres in cases where smallholders process their latex). 
The results are discussed below. 
The amounts of scrap produced on the State and Fringe schenes 
are usually not known^ since most smallholders normally sell this 
material directly to rubber dealers at weekly intervals. In order to 
have an idea of the proportion of scrap in total yield, a special 
effort was made to scrutinize individual receipts issued to those small-
holders who were known to have sold their scrap regularly to the M.R.D. 
It was found that, on average, the scrap component made up about 25 per-
cent of the total yield, although it could vary from IS to 30 percent. 
This proportion was in line with the general experience with these 
settlers and, in the absence of further evidence, was assumed in this 
study. A closer look at the scrap component is taken in the next 
chapter. 
The actual yields obtained for each scheme were then compared 
with average estimated yields on commercial estates having the same 
planting material. The latter were computed using the appropriate 
estimating equations shown in Table 3.7 (p.69). Thus in comparing the 
estate yield with the actual yield in the first year for Sahom, which 
was wholly planted with Tjir 1 CS, equation (3.5) was used. The yield 
of Tjir 1 CS on a commercial estate was estimated at 550 lb per acre in 
the first year of tapping. The actual yield for Sahom for the first 
year was 268 lb per acre, 49 percent of the estate yield, giving an 
estate/scheme yield difference of 283 lb per acre (Table 3.13). In 
cases where there were two or more clones on a scheme, the yields on 
commercial estates were estimated separately using the appropriate equa-
tions, and then weighted according to the proportions of area under each 
clone in the schemes compared. 
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TABLE 3.13. AVERAGE DIFFERENTIALS BETWEEN ACTUAL YIELDS IN LAND 
SCHEMES AND YIELDS IN COMMERCIAL ESTATES OVER THE 
FIRST TWO YEARS OF TAPPING^ 
F.L .D.A. State Fringe 
Scheme Differential Scheme Differen- Scheme Differen-tial tial 
(lb/acre) (lb/acre) (lb/acre) 
Serampang -48 (105)^ Panchang -76 (111) Timbol 128 (87) 
Tenang 36 ( 96) Labu -38 (111) Gentam 270 (67) 
L.B.J. 64 ( 92) Dua 370 ( 59) Purun 311 (63) 
Percha 99 ( 90) Pepuyu 449 (^56) Beranang 288 (64) 
Awah 177 ( 75) Menderang 414 ( 64) Beting 156 (76) 
Gedangsa 345 ( 62) Gerbang 243 ( 76) Rambutan 211 (6?) 
Halt 261 (53) 
Sahorn. 283 (49) 
Negative signs indicate that the yield in scheme is higher than that 
^ of estate. Certain schemes had information for the first year only, 
Figures in brackets denote percentages of scheme yields over estate 
yields. 
Apart from three schemes - one F.L.D.A. (Serampang) and two 
State (Panchang and Labu) - the productivity on the land schemes is 
lower than that expected to be achieved on commercial estates (Table 
3.13). This feature, of course, is not surprising, since the overall 
standard of husbandry is superior on estates. On the three exceptional 
schemes the yields are higher by 5-11 percent over the first two years 
of tapping. 
The extent of inferiority of yields on the schemes varies 
considerably. That on the F.L.D.A. schemes is quite small, with the 
exception of Gedangsa and Awah. The plantings at Gedangsa experienced 
serious wind damage, resulting in heavy losses of tappable trees, while 
the general upkeep in Awah is poor compared with other schemes. The 
inferiority on the State and Fringe schemes is substantial, especially 
8. 
on the former. The reasons for such discrepancies are dealt with 
in Part III of this thesis. 
Discounting yields. In predicting future yields over the 
first ten years of tapping, allowances must therefore be made for the 
observed estate/scheme yield differences in Table 3.13. Thus the yield 
predicted for each year on a particular scheme, using a relevant esti-
mating equation in Table 3.7, must be discounted (or compounded) to 
reflect the observed yield difference between estates and schemes. 
One question which arises here is whether the adjustment factor 
alters with time. A scrutiny of the survey data indicates that, for a 
given planting material, the yield from a 'good' estate tends to be con-
sistently higher than that of a 'bad' estate over a period of time, 
although the extent of its superiority may fluctuate. In order to throw 
more light on this issue, a special effort was made to secure and to 
compare time-series yield data of given clones planted in different 
fields within the same estate. It was assumed that the other factors 
influencing yield (e.g. soil types, management, climate, exploitation 
method etc.) are more homogeneous within an estate than between estates. 
Thus a within-estate comparison more accurately reflected the relative 
performance of a clone planted in different areas. 
The kind of data outlined was hard to obtain for several 
reasons. Estates did not have the same clones planted in different 
fields, yields were not recorded separately, the period covered was too 
brief, or different tapping systems had been employed. After a careful 
scrutiny the information from four estates involving fifteen fields was 
taken. The types of planting material, sizes of field and annual yields 
per acre are presented in Table G3.8. The yield patterns, all of which 
refer to panels C and D from the eleventh to the twentieth year, are 
depicted in Figures 3.5(a), (b), (c) and (d). These indicate that. 
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apart from overlappings in certain years, the gap in performance 
between fields of an estate tends to persist over the period considered. 
This tendency is especially manifest in the pattern in Figures 3.5(a) 
and (c). 
Regressions have been fitted to the data for each field 
(Table G3.9). The differences among the regressions are not statis-
tically significant (Table G3.10), except in the case of PB 86 on Estate 
C, denoting that their patterns of yield are not grossly different. 
With regard to their intercepts the analysis reveals that these are 
significantly different on Estates A and D but are not on Estate B. 
(The test is not necessary for Estate C, since the regression coeffi-
cients for Cl and C2 are already different). A further examination 
shows that the intercepts of certain fields within both Estates A and 
D, such as A3 and A4 and D3 and D5, are also not statistically different. 
The least significant differences between intercepts at the probability 
i 
level of five percent for these two estates are given in Table G3.11. 
A similar analysis is not possible for the one to ten year 
and 20 to 30 year periods because of lack of data. Limited evidence, 
however, indicates that trends similar to the 11 to 20 year period can 
reasonably be expected. 
A constant factor is thus used to discount the predicted yields, 
on the basis of the estate performance, over the first 10 years of 
tapping. The estate/scheme yield differential specified above can be 
expected to vary from year to year. There is, however, no practical 
solution to overcome the limitation; the use of varying discounting 
factors, even though these could be devised satisfactorily, is probably 
a matter of refinement. It is felt that the effects arising from fluc-
tuations in yield differential, even if they could be taken into account, 
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would be likely to cancel each other out, and would therefore not 
influence the results significantly. 
The expected yield for each year over the first to tenth years 
of tapping on a particular scheme can therefore be estimated by using the 
appropriate equation for the yield-age relationship and by deducting 
from the predicted output the relevant estate/scheme yield differential. 
To facilitate computation, it is best to derive an ad justed estimating 
equation for a particular scheme from the original equations shown in 
Table 3,7. For example, the adjusted equation for the L.B.J, scheme 
(planted with equal proportions of RRIM 605 and RRIM 623) is obtained 
by taking a weighted average of equations (3.6) and (3,9) according to 
the proportion of planted area for each clone, and by deducting 64 lb 
(Table 3.13) from the intercept to obtain 
Y = 610 + 190.IX - 8.69X^ 
This formula can then be employed to predict the yields of the 
L.B.J, scheme from the third to the tenth year of tapping. The yields 
for the first two years of tapping are already known. Adjusted equations 
for other schemes can be computed in the same way. 
Expected yields from the eleventh to the twentieth year. In 
predicting yields on the schemes for this period, use was made of the 
relationship observed on commercial estates between yields in the first 
ten years and those in the second ten years /equation (3.10), p.7^/. 
Equation (3.10) was originally derived from estate yields which are lower 
than those expected on many land schemes, however. 
It was thus necessary to adjust equation (3.10) upwards, while 
keeping the original relationship unchanged. This was done through 
multiplying its intercept by a correction factor. The factor for a 
given scheme was the ratio between the expected mean yield over the first 
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ten years of tapping on the scheme and the actual mean yield on. estates 
over the same period. A scrutiny of the data reveals that such correc-
tion factor is necessary only for nine schemes - six F.L.D.A,, two State 
and one Fringe schemes. The general yield levels in the remaining 
schemes are similar to those observed on estates with old planting 
materials. The relevant (and adjusted) estimating equations for the 
20 schemes are given in Table G.3.12. 
Allowance for yield response to ethrel. Before proceeding any 
further it is appropriate to look into the beneficial effect of the 
newest yield stimulant, and to estimate the extent to which yield must 
be adjusted upward to allow for this. A greater increase in yield is 
likely to come from the newly developed technique of 'ethylene stimulation' 
as opposed to the conventional method of using 2,4,5-T and 2,4-D. The 
technique involves treating the bark of the tree with a mixture of 2-
chloro-ethyl phosphonic acid and palm oil. This chemical, commonly 
known as ethrel, liberates ethylene gas and boosts yields by increasing 
the period of latex flow. 
Experimental results to date - over a period of about 18 
months - show that the yield response to ethrel is immediate and that 
it is generally superior to the conventional 2,4,5-T and 2,4-D. While 
the response varies according to clones and tapping system, improvements 
of 100 percent over the control have been achieved with PB 86, Tjir 1 CS 
and PR 107. But most responses have been in the order of 50 to 60 
percent. 
While it is not yet clear as to what would be the long term 
effect of ethrel on the rubber tree, it is believed that its application 
is unlikely to be harmful, and at least no more so than the currently 
used stimulants. Theoretically, there are no objections to using ethrel. 
Indeed, it appears to be advantageous: ethrel directly provides ethylene 
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gas which stimulates yield, while 2,4,5-T only induces tree to 
produce the gas. 
A close scrutiny of large-scale experimental results for the 
first eight months reveals that the superiority of ethrel over 2,4,5-T 
varies widely between planting materials. The additional percentage 
increases, from the two-monthly application of ethrel as compared to the 
six-monthly 2,4,5-T application, for PB 86, RRIM 605, RRIM 623, PR 107 
(estate A) and PR 107 (estate B) and Tjir 1 BD (tapped on S/2.d/2 100 
percent system) are, respectively 39, 29, 20, 17, 5 and 2 percent.^^ 
For RRIM 501, RRIM 600 and GT 1, the responses to both ethrel and 
2,4,5-T are moderate. Recent experimental results indicate that the 
yield responses to ethrel grows progressively somewhat less. The 
relative drop appears to be greater with ethrel than with 2,4,5-T. 
Calculation shows a decline of six to 13 percent, depending on clones, 
between yields in the first eight months and in the subsequent six 
months of stimulation. 
Since ethrel or some other new stimulant is almost certain to 
replace the conventional stimulants, predictions of yield must necessarily 
reflect their relative superiority. It is assumed in this study that 
the trees will be stimulated at the thirteenth year of tapping. The 
differences in yield response arising from using ethrel and 2,4,5-T 
have been noted for each clone and used to adjust the yield figures 
predicted on the basis of equations set out in Table G3.12. These 
differences, expressed as ratios for each scheme in Table G3.13, have 
been averaged using the acreage planted to each clone as weight. A 
ratio of 1.20 means that yield response resulting from ethrel application 
P.D. Abraham, 'Field Trials with Ethrel', Planters' Bulletin of the 
Rubber Research Institute of Malaya, No.107, November 1970, 
pp.366-386. 
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is 20 percent higher than would be achieved with the use of 2,^,5-T. 
The relative superiority of ethrel is assumed to decline by 10 percent 
for the first two years of application, by 30 percent in the next two 
years, and to remain constant thereafter. By this time, as can be 
inferred from Table G3.13, the extra responses due to ethrel are quite 
low, ranging from eight to 16 percent. On the whole, the estimates of 
performance with ethylene stimulation are conservative. 
Expected yields in the last ten years. Here again the 
expected pattern of yields can reasonably be assumed to follow that 
observed for old planting materials on estates. On average, old 
planting materials, with yield averaging about 1,000 lb and below at 
the beginning of the last 10 years of exploitation, demonstrate a 
decline of 34 lb per year (Table 3.12, p.77). 
There is also evidence, as explained earlier, to show that 
the magnitude of decline tends to be positively related to the overall 
yield level (p.77). Thus the rate of decline on schemes can be 
expected to be greater, since practically all of them have estimated 
yields above those of the old planting materials. This fact has been 
taken into account and the magnitude of decline has been adjusted upward 
for each scheme to arrive at the expected yields over the last ten years 
of exploitation. 
3.3.2. Nature of Estimated Yields 
The yields per acre estimated for each of the 20 land schemes 
are set out in Tables 3.14(a)-(c). The actual yields calculated from 
production records are parenthesized. 
To provide an overall view, the yield curves of two schemes 
with the highest and lowest yield levels within each of the three types 
of development strategy are demonstrated in Figure 3.6. As expected. 
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TABLE 3 .14 ( a ) . F . L . D . A . SCHEMES: EXPECTED ANNUAL YIELDS (LB/ACRE)' 
OVER THIRTY YEARS 
Year of 
tapping 
Serampang 
(1969)^ 
Tenang 
(1969) 
L . B . J . 
(1969) 
Percha 
(1969) 
Awah 
(1969) 
Gedangsa 
(1969) 
1 ( 823) ( 7 94) ( 659) (801) (543) (448) 
2 (1145) (1006) (1086) (874) (976) (699) 
3 1210 1130 1100 1070 990 840 
4 1340 1260 1230 1200 1120 970 
5 1460 1370 1340 1310 1230 1070 
6 1550 1470 1440 1400 1320 1120 
7 1630 1540 1510 1480 1400 1140 
8 1690 1600 1570 1540 1460 1120 
9 1730 1640 1620 1580 1500 1060 
10 1750 1670 1640 1610 1530 970 
11 1630 1510 1410 1450 1140 920 
12 1780 1610 1600 1480 1340 1030 
13 2400 2210 2140 2070 1780 1530 
14 2420 2230 2160 2100 1820 1570 
15 2430 2240 2170 2120 1840 1580 
16 2330 2150 2090 2040 1690 1500 
17 2260 2090 2030 1980 1730 1420 
18 2290 2120 2060 2010 1760 1410 
19 2310 2140 2080 2010 1780 1390 
20 2320 2160 2100 2050 1800 1340 
21 2210 2050 2000 1950 1710 1280 
22 2090 1950 1900 1850 1630 1230 
23 1980 1850 1800 1750 1550 1170 
24 1870 1740 1700 1660 1470 1120 
25 1750 1640 1600 1560 1390 1060 
26 1640 1530 1500 1460 1300 1010 
27 1520 1430 1400 1370 1220 950 
28 1410 1330 1300 1270 1140 900 
29 1300 1220 1200 1170 1060 840 
30 1180 1120 1100 1080 980 7 90 
^Figures in parentheses are actual yields. 
Refers to the year in which tapping was first started. 
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TABLE 3 . 1 4 ( b ) . STATE SCHEMES EXPECTED ANNUAL YIELDS (LB/ACRE) 
OVER THIRTY YEARS 
Year of 
tapping 
Panchang 
(1969) 
Labu 
(1967) 
Dua 
(1968) 
Pepuyu 
(1968) 
Menderang 
(1968) 
Gerbang 
(1968) 
I (456) (606) (457) 370 350 410 
2 (834) (889) (639) (571) 550 620 
3 940 (934) 820 740 (720) (785) 
4 1100 (754) 950 870 850 920 
5 1240 1210 1040 960 940 1010 
6 1360 1320 1100 1020 1000 1060 
7 1440 1410 1110 1030 1020 1080 
8 1510 1470 1090 1020 1000 1060 
9 1540 1510 1040 960 940 1010 
10 1560 1520 940 870 850 910 
11 1300 1340 920 880 870 900 
12 1470 1470 1000 970 960 990 
13 2120 2090 1520 1470 1450 1370 
14 2160 1920 1550 1500 1490 1410 
15 2190 2140 1570 1520 1510 1440 
16 2090 2040 1480 1440 1430 1390 
17 2020 1980 1410 1370 1360 1340 
18 2050 2010 1400 1360 1350 1330 
19 2070 2030 1370 1330 1320 1300 
20 2080 2040 1320 1280 1270 1250 
21 1980 1940 1270 1230 1220 1200 
22 1880 1850 1220 1180 1170 1150 
23 1780 1750 1160 1130 1120 1100 
24 1690 1650 1110 1080 1070 1050 
25 1590 1560 1060 1030 1020 1010 
26 1490 1460 1000 970 970 960 
27 1390 1370 950 920 920 910 
28 1290 1270 900 870 870 860 
29 1190 1170 850 820 820 810 
30 1090 1080 790 770 770 760 
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TABLE S . U C c ) . FRINGE SCHEMES: EXPECTED ANNUAL YIELDS (LB/ACRE) 
OVER THIRTY YEARS 
Y e a r o f 
t a p p i n g T i m b o l 
( 1 9 7 0 ) 
Gentam 
( 1 9 7 1 ) 
P u r u n 
( 1 9 6 9 ) 
Be -
r a n a n g 
( 1 9 6 9 ) 
B e t i n g 
( 1 9 6 9 ) 
Ram-
b u t a n 
( 1 9 7 0 ) 
H a l t 
( 1 9 7 0 ) 
Sahotn 
( 1 9 7 0 ) 
1 ( 4 8 9 ) ( 5 4 6 ) ( 3 7 5 ) ( 4 2 2 ) ( 4 1 5 ) ( 3 4 0 ) ( 2 9 0 ) ( 2 6 8 ) 
2 ( 7 7 3 ) 750 ( 5 2 0 ) ( 6 1 1 ) ( 5 8 0 ) 540 4 9 0 4 7 0 
3 910 920 730 750 770 710 660 640 
4 1060 1050 880 870 900 840 7 90 770 
5 1180 1140 990 990 990 930 880 860 
6 1260 1200 1080 1080 1040 990 940 920 
7 1310 1210 1130 1160 1060 1010 960 940 
8 1340 1190 1150 1220 1040 990 940 920 
9 1330 1140 1140 1260 990 930 880 860 
10 1290 1040 1100 1290 890 840 7 90 770 
11 1130 960 880 900 900 870 840 830 
12 1260 1050 950 990 980 960 940 930 
13 1720 1580 1360 1290 1270 1240 1210 1200 
14 1770 1610 1410 1330 1320 1290 1260 1250 
15 1800 1630 1450 1370 1350 1320 1290 1280 
16 1740 1540 1410 1360 1320 1290 1270 1260 
17 1690 1460 1370 1350 1290 1260 1240 1230 
18 1700 1450 1380 1380 1280 1250 1230 1220 
19 1690 1420 1380 1400 1250 1220 1200 1190 
20 1670 1370 1360 1410 1210 1180 1150 1140 
21 1600 1320 1300 1350 1160 1130 1110 1100 
22 1520 1260 1250 1290 1110 1090 1070 1060 
23 1450 1200 1190 1230 1070 1040 1030 1010 
24 1380 1150 1140 1170 1020 1000 980 970 
25 1300 1090 1080 1120 980 950 940 930 
26 1230 1030 1030 1060 930 910 900 890 
27 1150 980 970 1000 880 860 850 840 
28 1080 920 920 940 840 820 810 800 
29 1010 860 860 880 7 90 770 770 760 
30 930 800 810 820 750 7 30 720 710 
rsi 
a^ 
Y i e l d 
( l b / a e r e ) 
2 2 0 0 — 
1800 — 
1 4 0 0 — 
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F I G U R E 3.6. 
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P R E D I C T E D Y I E L D S ON SIX S E L E C T E D F . L . D . A . (SERAMPANG A N D G E D A N G S A ) , STATE (PANCHANG A N D G E R E A N G ) 
A N D F R I N G E (TIMBOL A N D SAHOM) S C H E M E S 
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the yields on the F.L.D.A. schemes are highest, due both to the 
superior standard of management and to the use of relatively higher 
yielding trees. The performance on State schemes is next^ followed 
by that on the Fringe schemes. If the yields of other schemes were 
similarly plotted, the curves for most State and Fringe schemes would 
be closer to their respective 'lowest yielding' schemes. The reverse 
is true for the F.L.D.A. schemes. 
Forward estimates of rubber yields pertinent to a given 
situation are usually fixed subjectively on the basis of one's assess-
ment of the agronomic and physiological features of the planting material 
used, and of its probable reaction to various environmental factors. 
To make sure that the estimates are 'reasonable', experiences of agro-
nomists, physiologists and botanists are often taken into account. 
It may obviously be questioned as to whether the yields pre-
dicted in this study are realistic. Nevertheless the writer would hope 
that the resultant estimates are more accurate than the usual 'informed 
guesses' employed in planning and budgeting exercise. It is strongly 
believed that efforts spent in the time-consuming yield survey were 
justified as a means of securing realistic yield predictions in the 
context of each scheme. 
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CHAPTER 4 
KINDS OF PRODUCT, THEIR PRICES AND VALUE 
This chapter deals with the derivation of value output, or 
the revenue from the physical products estimated in the previous 
chapter. The exercise is not straightforward because the yields of a 
rubber tree comprise latex and scrap, and because different types and 
grades of final product are usually made from these starting materials. 
Different prices have to be specified for each product, and there is 
also the problem that these have to be estimated over a long period into 
the future. Additional complications are introduced by consideration 
of the expected variability of revenue. 
In order to clarify the background to this exercise, details 
are initially given of the composition of yield, of processing and 
marketing arrangements, and of the current pricing of various rubbers. 
These are largely drawn from the writer's previous work, and from 
experience gained during his working at the R.R.I.M. 
4.1 TYPES AND GRADES OF RUBBER 
4.1.1. The Composition of Yield 
Latex is the main crop of rubber tree. The scrap, or material 
from the late drippings, is processed into lower quality products and 
sold at a discount in the market. Scrap makes up one-sixth to one-fifth 
of the total crops in commercial estates, the proportion varying with 
planting material, tapping system, tapping stage and presence of yield 
stimulation. Certain clones like RRIM 501 and RRIM 605 are particularly 
prone to late dripping and thus produce more scrap, while others are not. 
Some information on the proportions of scrap produced by the 
eight planting materials used in the schemes is available from commercial 
estates (Table 4.1). It will be seen that, in all cases, the proportion 
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TABLE 4.1. AVERAGE PROPORTIONS OF SCRAP IN COMMERCIAL ESTATES BY 
PLANTING MATERIAL, TAPPING SYSTEM AND AGE OF TAPPING 
Tapping system Proportion of scrap (% total crop) 
and clone Below 2 years 3-10 years 11-15 years 
S/2.d/2 100% 
RRIM 513 24.3 ( 61)^ 14.8 ( 187) 18.6 ( 2) 
RRIM 605 25.0 (131) 15.3 ( 189) -
RRIM 607 24.8 ( 26) 15.1 ( 46) -
RRIM 623 15.9 (192) 10.8 ( 279) -
PB 86 19.2 ( 13) 9.9 ( 81) 11.4 ( 30) 
PR 107 24.4 ( 11) 9.7 ( 153) 7.2 ( 58) 
Tjir 1 BD 34.0 ( 12) 20.1 ( 54) 17.2 ( 9) 
Tjir 1 CS 16.9 ( 4) 12.4 ( 60) 17.0 ( 1) 
Average 20.9 (450) 12.4 (1049) 10.6 (100) 
S/2.d/3 67% 
RRIM 513 28.5 ( 6) 15.7 ( 19) -
RRIM 605 25.4 ( 11) 22.1 ( 11) -
RRIM 623 22.9 ( 10) 12.2 ( 12) -
Average 25.6 ( 27) 16.7 ( 42) -
Figures in parentheses denote number of observations in each cell. 
Source: Rubber Research Institute of Malaya: Botany Division, 1971 
of scrap from trees below two years of tapping, which averaged 20.9 
percent, was higher than that from trees above this age, the differences 
being mainly attributable to lower latex yield during the initial tapping 
years. Although data are not available for older trees, general experience 
indicates that the proportion of scrap tends to increase somewhat as the 
first bark renewal (i.e. bark after about twenty years) is being tapped 
out. 
Reducing the frequency of tapping, from S/2.d/2 100% to S/2. 
d/3 67%, normally results in a prolonged latex flow. This leads to 
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late dripping and hence to a higher percentage of lower grades (Table 
4.1). Tapping experiments show that this feature can also arise as 
a result of the application of a yield stimulant. 
Comparable data are not available for smallholdings, but there 
is no doubt that under a given tapping system they usually produce a 
bigger percentage of scrap than on estates. A scrutiny of limited 
information gathered from the survey referred to earlier revealed that, 
in general, the proportion of scrap on land development schemes in the 
second year of tapping on the S/2.d/2 100% system was in the order of 25 
percent, although figures considerably higher than this were encountered. 
Even a cursory inspection of the smallholders' tapping and collection 
practices explains why this proportion was higher. On commercial 
estates a tapper is required, after tapping the last tree, to wait for 
about one to two hours before the collection of latex. This naturally 
reduces late dripping.^ While most smallholders do rest after the 
tapping operation, the interval between tapping and collection is con-
siderably shorter. In 1968 the writer found in a survey that the 
common resting or waiting time among smallholders was 30-45 minutes; 
some even started collection immediately after tapping, commencing from 
2 
the first tree tapped in the morning. The sample survey of farms in 
the 20 schemes also showed that more than 80 percent of the settlers 
waited for less than 45 minutes before latex collection. 
The chief reason given by the settlers (and also by small-
holders elsewhere) for this behaviour is that they have to travel a 
Effect of tapping practices, tapping time, resting time and collection 
time on the percentage of scrap can be seen from P. De Jonge and D.R. 
Westgarthj 'Effect of Task Size on Yield per Tapper and per Acre', 
The Journal of the Rubber Research Institute of Malaya, Vol.17, 
Part 4, 1962, pp.150-158. 
2 
Rubber Research Institute of Malaya, Unpublished survey results of some 
400 smallholders in 1968. 
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long distance to the processing centre or latex collection station, 
process their latex into sheet rubber, and then travel back home for the 
afternoon meal. In some schemes a higher proportion of scrap is inten-
tionally produced by the settlers, so as to avoid a heavy monthly loan 
repayment, which is adjusted to the value of latex brought in (Chapter 5) 
In contrast, there is a division of labour on estates in that a tapper 
only carries his daily crop to a collecting station, where it is picked 
up and transported to the factory for processing. 
The interval between the end of tapping and the commencement 
of latex collection also depends on the size of the holding, the status 
of the tappers, and the availability of work after tapping. There is 
also evidence that where holdings are tapped by share-tappers the percen-
tage of scrap tends to be high, since the scrap normally goes to the 
tappers. 
In light of the above, it is considered reasonable to assume 
in this study that the proportion of scrap is 25 percent in the first 
and second year (this proportion was in fact found on many schemes), 20 
percent from the third to the twentieth year, and 25 percent thereafter. 
These percentages are taken to apply equally to all the schemes under 
investigation. Limited evidence secured from some 40 holdings on the 
State and Fringe schemes in Negeri Sembilan indicated that the clonal 
differences shown in Table 4.1 were not present on the smallholdings. 
Thus the average scrap proportion in the second year of tapping was 26 
percent for RRIM 623 (on 9 holdings), 22 percent for PR 107 (on 19 
holdings) and 27 percent for Tjir 1 CS (on 13 holdings). In view of 
this it is not judged worthwhile to attempt further refinement as to 
the differences between clones in the schemes studied. 
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^•1-2. The Processing and Marketing of Smallholders' Rubber 
While smallholders' scrap is sold to dealers in its original 
state of cuplump and tree lace, the greater part of their latex is first 
manufactured into sheet rubber. About 80 percent of the latex is 
processed by smallholders themselves on their own holdings, and a further 
8 percent is processed at Group Processing Centres (G.P.Cs.) - a shed 
providing processing and sometimes smoking facilities for groups of 
20-40 smallholders. The processed sheet from holdings and G.P.Cs is 
then passed on to the dealers. The remaining 12 percent is sold 
directly as latex to central processing factories or estates. 
Processing latex before sale has been the traditional practice 
of smallholders. The selling of latex to central factories immediately 
after collection has been encouraged only recently as a means of raising 
the smallholders' return and of upgrading the standard of the final 
product. Both the traditional and 'improved' systems of processing and 
marketing smallholders' rubber are now outlined. 
The traditional marketing system. The traditional chain of 
marketing agencies ranges from 'local dealers' and 'middle dealers' to 
3 
'remillers' and 'exporters'. The local dealers, who are first buyers 
of all types of rubber, also form an important source of rural credit, 
being themselves situated in the villages and small towns. The middle 
dealers operate from larger centres, whereas the exporters are situated 
mainly in or near the ports. The remillers, who manufacture crepe from 
cuplump and scrap, are located in convenient places where they can secure 
3 
The traditional system of marketing smallholders' sheet and scrap rubber 
has been examined in detail in two studies: (a) Lim Sow Ching, A 
Study of the Marketing of Smallholders' Rubber at the First Trade 
Level, M . Agr. Sc. Thesis, University of Malaya, 1968, and (b) Cheam 
Soon Tee, A Study of the Marketing of Smallholders' Lower Grade Rubber. 
M. Agr. Sc. Thesis, University of Malaya, 1971. 
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adequate supplies. In addition, there are unlicensed buyers, at the 
first trade level only, who travel to the villages and are particularly 
active in areas not adequately served by registered dealers. Scrap 
forms the bulk of the unlicensed dealers' trade, 
Of the latex processed on smallholdings or at G.P.Cs about 
three-quarters is sold to first trade dealers as unsmoked sheet (USS) -
which is made through coagulating latex with a chemical into slab, 
pressing it, and rolling it into thin sheet. The first trade dealers 
clean and smoke the sheet before passing it on to middle dealers, who 
then sell it to exporters. The rubber is then referred to as ribbed 
smoked sheet (RSS). After cutting the imperfections out of the sheet, 
the exporters re-grade and pack it into 250 lb bales for despatch to 
overseas destinations. The 'clippings' are also baled, some being 
exported and the balance utilised by local manufacturers. 
The remaining quarter of the latex processed on smallholdings 
or G.P.Cs is made into sheet rubber, but is also converted into RSS 
through smoking before sale. This is the latex produced by the more 
enterprising individuals, who commonly operate the larger holdings of 
15 acres and above, and have a smokehouse or by those who take this crop 
to G.P.Cs with proper facilities. The smoked sheet is also marketed 
through the dealers' chain. 
The bulk of the material sold by smallholders as USS is 
eventually assessed as RSS 3 or 4, whilst most of the material sold 
as RSS is finally exported as RSS 2 or 3. Sheets made at G.P.Cs are 
normally of better quality than those made on individual holdings. 
There are five grades of RSS altogether, ranging from the finest quality 
RSS 1 to the lowest RSS 5. The commonest grade is RSS 3. The grading 
of sheet rubbers is based on a visual system. While the system per se 
has been reasonably satisfactory at the exporters' level, it inevitably 
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leads to malpractices among dealers purchasing directly from smallholders 
'Down-grading' is alleged to be a widespread practice, especially in 
regard to USS - a deficiency which has led to the encouragement of RSS 
production wherever this is feasible. 
The smallholders' cuplump and tree lace is marketed unprocessed 
through the same dealers' chain. About 70-80 percent of this material 
is turned by remillers into 2X Thin Brown Crepe (2XTBC), the great propor-
tion of the remainder being manufactured into IX and 3X Thin Brown Crepe 
or Flat Bark Crepe. Before export the crepes are also packed into 
bales, whose sizes vary according to grade. A small but increasing 
proportion of cuplump and tree lace is also being turned into block 
rubbers. 
The prices paid by the first level dealers for smallholders' 
smoked sheet, unsmoked sheet and scrap, are closely related to the f.o.b. 
price as might be expected. The difference between the f.o.b. price 
and the smallholders' price, termed 'the marketing margin' here, repre-
sents the overall payment for services provided by the first level 
dealers, middle dealers, remillers and exporters. The services involve 
assembling, smoking, grading, packing, storing, insurance, etc. 
4 
In a study of 1967 , the writer found that the marketing margin 
for the period 1962-64 averaged 2.8 cents per lb for RSS and 9.1 cents 
per lb for USS. Except in remoter areas, average price margins varied 
little between States. Recent evidence indicates that the marketing 
margins are still very much the same today. A detailed breakdown of 
these margins into a surplus and various cost components was also made 
^Lim Sow Ching, 'Analysis of Smallholders' Rubber Marketing in West 
Malaysia', The Journal of the Rubber Research Institute of Malaya, 
Vol.21, Part I, 1970, pp.604-612. 
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in the same study, which showed that whilst the surplus as a proportion 
of capital employed was reasonable in regard to RSS, it was undoubtedly 
excessive for USS. The marketing of USS was all the more unsatisfactory 
in view of the necessarily arbitrary assessment of grade and moisture 
content, which was usually in the dealers' favour, 
Cheam^, who studied the 1968 prices for smallholders' cuplump 
and tree lace, reported an average marketing margin of 13.3 cents per 
lb in Negeri Sembilan. This was probably excessive. Trading in scrap, as 
in USSjWas also accompanied by malpractices in assessment. 
The marketing margin forms an important part of the cost of 
production, and is considerably higher with smallholding than with 
estate rubber. The figures relevant to the schemes being investigated 
are examined in the next chapter. 
Another unsatisfactory aspect of the marketing of smallholders' 
rubber is what appears to be an unnecessarily poor quality of rubber 
exported. This not only lowers the smallholders' return and depresses 
nation's foreign exchange earnings. It also weakens the competitive 
position of natural rubber vis-a-vis synthetic, 'Group processing 
centres' and 'central processing and marketing schemes' have been 
established with the dual aim of improving quality, and of raising the 
smallholders' share of the f.o.b. price. 
The improved marketing system. G.P.Cs vary in size, but most 
cater for 20-30 smallholders. Each is a simple shed with concrete 
flooring measuring about 40 feet x 20 feet and containing coagulating 
pans, pressing tables, mangles and other processing items. At these 
centres smallholders can, for a small charge, process their latex into 
^Cheam Soon Tee, op.cit 
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improved quality USS, or into RSS where smoking facilities are also 
provided. 
The idea of group processing was initiated before the Second 
World War by enterprising Chinese individuals. More such centres were 
built during the Emergency in the late forties and early fifties, when 
Chinese living in rural areas were grouped in 'new villages'. Realising 
the potential value of this development, the R.R.I.M. started encouraging 
the establishment of G.P.Cs, especially in the Malay-dominated areas, in 
the mid-fifties. From 1962-64 loans, which were recoverable from small-
holders, were provided by the Majlis Amanah Ra'ayat (M.A.R.A.)^ a quasi-
Government agency concerned with rural development, to approved groups 
of smallholders. From 1965 onwards grants of up to $2,500 per centre 
have been given by M.A.R.A. through the R.R.I.M.; the latter provides 
the essential technical advice on construction and processing. Ir. 
1970, there were estimated to be 621 M.A.R.A,-aided centres, 522 of which 
(125 with smokehouses attached) were built in 1966/70 at a total 
expenditure of $1.13 million. 
Barlow^ has estimated an extra return of 3.5-4.5 cents per 
lb to a smallholder who converts his latex into RSS at a G.P.C., as 
opposed to producing USS on his own holding. If the latex is only 
converted into USS at the G.P.C., the extra return drops to 0.5-1.5 
cents per lb. The benefits, especially in regard to USS, can be 
increased somewhat by 'bulk' selling the product of all the G.P.C. 
users. This practice not only minimises the losses resulting from 
dealers' rounding of weight, but also increases the smallholders' 
bargaining power. 
^C. Barlow, 'The Marketing of Smallholders' Rubber', Malays_i_a_n 
Management Review, Vol.2, No.2, 1967, pp.27-40. 
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The rubber produced at G.P.Cs is sold through the dealers' 
chain, and in this sense the centres are merely an addition to the 
traditional market structure. While their development has undoubtedly 
contributed to the upgrading of smallholders' rubber, they cannot by 
their nature lead to the production of uniform first-class quality 
rubber on a large-scale. Moreover, the processing of scrap into crepe 
or other final products is certainly not feasible at G.P.Cs. 
Parallel to the G.P.C. development, a much more ambitious 
attempt aimed at increasing the smallholders' return and improving 
rubber quality was initiated in 1962. This was the setting up by the 
predecessor^ of M.A.R.A. of 13 modern central fectories in different 
parts of West Malaysia, each factory serving 1,000 or more smallholders. 
The latex collected was converted into RSS 1, which was sold direct to 
the middle dealers. Unfortunately, these factories were forced to close 
down in 1965, due to lack of the managerial and technical expertise. 
One important problem lay in the collection of latex from large numbers 
of widely scattered smallholders. But lessons were learnt from this 
pioneer venture. 
g 
Following a case study , the R.R.I.M. took over the management 
of one factory at Meru in Selangor in late 1965, and re-opened it on an 
experimental basis. This factory continued to be based on the conven-
tional RSS plant for about 18 months with its latex input from local 
smallholders being supplemented initially by estate latex to ensure that 
the operation was large enough to be economic. The experiment showed 
that the central processing and marketing of smallholders" rubber could 
^The Rural Industry Development Authority, or R.I.D.A, for short. 
Barlow and Lim Sow Ching, A Report of the R.I.D.A. Central Latex 
Processing Factory at Meru, Rubber Research Institute of Malaya, 
Economic Report No.2, Kuala Lumpur, June 1965. 
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be made commercially viable provided there was adequate supervision 
by competent staff and production sufficient to achieve certain 
economies of scale. 
Two important concurrent developments contributed significantly 
to the further success of the central processing and marketing of small-
holders' rubber. One was the introduction by the R.R.I.M. in 1965 of 
the Standard Malaysian Rubber (S.M.R.) scheme, under which rubber is 
technically graded according to certain precisely ascertainable specifi-
cations such as dirt content, viscosity, vulcanising characteristics and 
colour. The other was the introduction of the technique of 'block' 
rubber manufacture, which involves turning latex and scrap into granules 
or small crumbs, as opposed to the conventional sheet or crepe. Block 
rubbers can be made to attain S.M.R. standards with little difficulty 
and are commonly referred to as 'technically specified rubbers'. 
The Meru factory, together with another of the old M.A.R.A. 
factories at Rantau in Negeri Sembilan, were converted by the R.R.I.M. 
to block rubber plants in early 1966, each with a 10-15 ton daily capa-
city, The produce was sold direct to overseas consumers, thereby by-
passing the existing marketing chain. It soon became apparent that 
similar facilities would be required in other parts of the country, and 
that this expansion would necessitate the creation of a specialised 
agency to direct it. The Malaysian Rubber Development Sendirian Berhad 
(M.R.D.), was therefore formed in October 1969 to take over the manage-
ment of these two factories from the R.R.I.M. and to establish two 
additional 20 ton per day factories. The total M.R.D. output of S.M.R. 
in 1970 was 8,245 tons. M.R.D. is currently planning to build five 
new factories, costing in total about $13 million, during the next 3-4 
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years in five States. The ultimate aim is to have central processing 
factories in each of the 11 West Malaysian states.^ 
By 1970, the production of block rubbers from all sources 
accounted for more than one-fifth (224,280 tons) of total output in West 
Malaysia; the production is expected to be doubled by 1975. The manu-
facture of these rubbers, especially those made from scrap, is being 
stepped up rapidly. There are seven grades of technically specified 
block rubbers, namely S.M.R. 5L, 5CV, 5LV and 5 (from latex), and S.M.R. 
10, 20 and 50 (from scrap). The block rubbers are marketed either in 
ind ividual 75 lb bales or 30 bale pallets. 
Forms and grades of rubber from land schemes. From the very 
beginning the latex from the six F.L.D.A. schemes being studied here 
has been sold under contract to estate agencies, which convert it into 
either block rubbers (mostly S.M.R. 5CV) or latex concentrate. The 
scrap is sent to the F.L.D.A.-financed factory in Pahang, where it is 
processed into S.M.R. The Authority has already abandoned its original 
intention of building one factory in each scheme. Instead, giant 
centrally-sited factories with a daily capacity of 100 tons or more of 
S.M.R. are being planned, each serving a number of schemes. The selling 
of latex to estates is therefore only a transitional stage towards manu-
facture of block rubbers in these proposed plants. It is likely anyhow 
that the settlers will receive the same price for their latex, whether 
it is purchased by the estate agencies or processed directly by the 
F.L.D.A. The final products exported can also be expected to be similar 
in terms of grade and quality. 
Of the State and Fringe schemes, Labu, Panchang, Pasir Timbol, 
Purun and Ulu Gentam - all in Negeri Sembilan - are currently supplying 
g 
Natural Rubber News, January, 1971, pp.1-2. 
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latex and scrap to the M.R.D. factory at Rantau. The latex and scrap 
purchased are converted into S.M.R. 5CV and 20, and sold directly under 
contract to overseas manufacturers. 
The settlers in the remaining State and Fringe schemes are at 
present making sheet rubber from their latex, using facilities at G.P.Cs. 
These centres were established with grants either from the State Govern-
ments or M.A.R.A. The sheet rubber, practically all of which is unsmoked, 
is sold once a month in bulk to the dealers. The quality of the rubber 
produced at these G.P.Cs varies little between areas. Evidence from 
the survey suggests that the greater part of it has been assessed as 
RSS 2 or 3 by the dealers. The scrap is marketed by smallholders 
individually in the usual way; they either send about once in a week, 
to a licensed first dealers' premises, or sell it to an itinerant 
unlicensed buyer. This scrap is passed on to the remillers who convert 
it into 2XTBC for export. 
It should be noted here that the employment of group processing 
facilities is only a transitional stage towards final participation in 
the central processing and marketing schemes operated by the M.R.D., 
once such services can be satisfactorily extended. The M.R.D. has 
already reached an advanced state in planning the establishment of three 
factories in Perak, and an additional one in Negeri Sembilan. These 
factories, which are expected to be ready in 1974/75, will take in all 
the crop from the schemes now producing sheet rubber. In view of this 
it is considered reasonable to assume that those settlers in these two 
States currently processing their own latex at G.P.Cs will continue to 
do so only until the end of 1975. From 1976, they will sell their crop 
to the M.R.D.-controlled factories for conversion into S.M.R. grades. 
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4.2 PRICE PATTERNS AND EXPECTED PRICES FOR VARIOUS 
GRADES OF FINAL PRODUCT 
4.2.1. Natural and Synthetic Rubbers 
The price of natural rubber has been falling since the early 
fifties and although there was a rally in a few years (1955, 1959, 1960 
and 1965) it was relatively short-lived (see Table G4.1). The downward 
trend has been especially manifest since 1960. In that year, the average 
Singapore f.o.b. RSS 1 price was 108.1 cents per lb, compared to 56.6 
cents per lb in 1970. 
A single major factor causing the downward trend in prices 
has been the development of massive facilities for manufacturing syn-
thetic rubbers, both for general purposes (e.g. SBR, or styrene-butadiene 
rubbers) and for particular uses (e.g. IIR, or butyl rubbers). This 
has resulted in an increasing elasticity of demand for natural. From 
1945-1955 the production of synthetic rubber averaged less than 800,000 
tons per year, but it then increased rapidly and by 1962 it had sur-
passed that of natural rubber; in 1970, the total production of elas-
tomers in the world was estimated at about 7.8 million tons, of which 
synthetic rubbers accounted for approximately 62 percent (Table G4.2), 
It is, however, important to emphasize that the declining share of 
natural in world rubber production (and consumption) is due largely to 
the inability of supplies to match an increasing world demand (Table 
G4.2). This situation is expected to continue in the foreseeable future, 
due to the rapid growth of populations and of rubber-using industries 
in many less developed countries. 
The decline in prices during the last decade has been greatly 
aggravated by the continued existence of excess capacity for the produc-
tion of synthetic rubber, tariff and non-tariff trade barriers, unfair 
competition, and stockpile releases. Corrective measures suggested by 
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international bodies such as UNCTAD may be classified into (a) the 
improvement in technical and economic efficiency in the natural rubber 
industry and (b) the elimination of discriminatory tariffs and stock-
piles. 
So far as Malaysia is concerned considerable success has been 
achieved through her modernization program.me. This includes: (i) large-
scale replanting aimed at increasing productivity and reducing cost of 
production and (ii) extensive research and development efforts directed 
to reducing costs and meeting consumer requirements. As a result of 
(i) over 90 percent of estate and nearly two-thirds of smallholding 
acreages are now under high-yielding rubber capable of yielding 1500-
2000 lb per acre per year over 10-12 years of peak yield. So far as 
(ii) is concerned productivity can be further raised through the 
recently developed ethylene stimulation technique (Chapter 3, pp.86-87). 
The production of technically specified natural rubbers under the 
S.M.R. scheme is another significance achievement under this heading. 
Little or no progress, however, has been made as regards 
the elimination of tariffs and other trade barriers to semi-processed 
and other processed forms of rubber; U.S. stockpile disposals have 
however been reduced to a more reasonable level. 
In the competition between the natural and synthetic rubbers, 
three areas may be distinguished. First, there is the 'perfect substi-
tute' area, in which the general purpose synthetic SBR can completely 
substitute for natural in many uses. Here relative prices to the 
manufacturers are the most important factor influencing the relative 
consumption; it is believed that this area accounts for about 40 percent 
of the total elastomer m a r k e t . A further 40 percent of the market is 
in the 'complementary' area, where blends of different grades of natural 
and synthetic are necessary for the manufacture of superior quality 
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products (e.g. some light duty tyres). It should be noted that even 
here substitution may occur to a certain extent and demand is affected 
by the prices. Finally, the remaining part of the market may be 
termed the 'unique' area, in that either natural or synthetic rubber is 
employed exclusively without regard to price relationships. 
At present there is only one type of synthetic rubber with 
almost identical properties to natural rubber. This is cis-polyisoprene, 
the so-called 'chemical analogue' of natural rubber. It is, however, 
more expensive to produce and has the disadvantage that its tear strength 
is not as good as that of natural. Most rubber fabricators are presently 
deterred from investing in synthetic replacements for the natural 
material, because of the latter's low price. It is an expert's view 
that this position will hold so long as the Singapore f.o.b. price 
remains at around 50 cents, which is well below the price of most 
important synthetics. Natural rubber is also still the best all-round 
elastomer. It is anyhow generally held that increased world consumption, 
which in recent years has been expanding at 9-10 percent per year, will 
completely take up the immediately foreseeable production increases in 
the natural and synthetic rubber industries. 
It is not possible to use price relationships only in fore-
casting the relative uptake of natural and synthetic rubbers in the 
general purpose area, because a good proportion of tyre manufacture is 
by firms with their own interest in synthetic rubber manufacture. Thus 
they may often use the synthetic product even though its 'market' price 
is higher. Again, meaningful prices for synthetic rubbers, after trade 
discount, are also not easy to secure. Nevertheless although co-operation 
between synthetic rubber producers is very much in evidence, it is con-
sidered in some quarters that there is more competition among them than 
with the natural rubber producers. 
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One of the major disadvantages of natural rubber from the 
consumers' standpoint is that its price fluctuates widely (discussed 
later). There is also an absence of assured ready supplies. In sharp 
contrast, the officially-quoted prices of synthetics usually remain 
unchanged for long periods and any amount can be had readily from stocks 
in close proximity to consumers. As will be explained later, however, 
the prices of natural rubber can be expected to fluctuate less in the 
future, and steadier supplies should result from improved marketing. 
Prices of different grades of natural. RSS 1 is the best of 
the conventional rubbers, and fetches the highest price. The prices 
of all other grades, whether manufactured from latex or scrap, move in 
approximate consonance with that of RSS 1, which is a standard yard-
stick with which all other prices are compared. The annual prices of 
RSS 1, 2 and 3 from 1950-70 are detailed in Table G4.1. Latex concen-
trate, a special-purpose rubber suited for particular uses, commands 
a premium of 10-15 cents per lb over RSS 1, depending on local supply 
and overseas demand. Sometimes latex crepe is also sold at a premium. 
The discount, or price differential between RSS 1 and other 
grades, varies over time. Scrutiny of historical data reveals that 
the discount has generally been greater in times of high prices and 
vice versa. Thus the magnitude of price differentials has declined 
considerably during the last few years. The differentials between 
prices for RSS 1 and RSS 2 averaged 3.3, 1.8, 0.5 and 1.0 cents per lb 
in the five-year periods of 1951-55, 1956-60, 1961-65, and 1966-70 
respectively. Recent average annual price differentials between RSS 1 
and other grades of rubber (RSS 2, RSS 3, 2XTBC, S.M.R. 5CV, S.M.R. 
5LV, S.M.R. 5L, S.M.R. 5 and S.M.R. 20) are detailed in Table 4.2. 
The price differential in regard to 2XTBC, the final form 
into which most scrap is converted, averaged 5.6 cents per lb in 1966-70, 
with a range of 3.8 to 7.8 cents per lb. 
Ill 
^^BLE 4.2. AVERAGE PRICES FOR RSS 1 (F.O.B.) AND AVERAGE PRICE DIFFEREN-
TIALS BETWEEN RSS 1 AND OTHER GRADES, 1966-70 
RSS 1 price and 
price differential 
(ct/lb)a 
Y e a I 
Average 
1966 1967 1968 1969 1970 
RSS 1 price 65.4 54.2 52.9 69.7 56.6 59.8 
RSS 1/2 0,67 1.19 1.09 0.58 1,33 0.97 
RSS 1/3 1.50 2.65 1.82 1.27 2.24 1.89 
RSS 1/2XTBC 3.76 7 ,80 5.78 6.85 3.91 5.62 ! 
RSS 1/5CV _b -2.00 -1.91 -2.36 -2.57 -2.21 
RSS 1/5LV - - -1.11 -1.69 -3.11 -1.97 
RSS 1/5L - - -1.11 -1.69 -2.13 -1.64 
RSS 1/5 - - 0.64 0.14 0.15 0.31 
RSS 1/20 - 2.89 2.89 2.31 1.80 2.47 
Negative figures denote that the grades compared command a premium over 
^ RSS 1. 
Indicates that data were not available, or the grades concerned had not 
yet been introduced in the market. 
Dp to now most S.M.R. grades manufactured from latex have been 
sold at a premium (Table 4.2). S.M.R. 20, which was manufactured from 
scrap, was sold at an average discount of 2.5 cents per lb in 1967-70. 
It would be noted that this figure is less than half the discount for 
2XTBC, indicating clearly the price advantage of converting scrap into 
the technically specified block rubbers. 
As already mentioned, the output of S.M.R. is likely to 
increase sharply in the next few years. It is thus legitimate to 
question whether the premium will continue to exist for S.M.R. latex 
grades. The concensus of expert view is that even the highest premium 
(which is that fetched by S.M.R. 5CV: Table 4.2) will eventually vanish 
as more and more consumers turn to buying S.M.R. grades. 
Fluctuation in the price. Various factors contribute to 
price fluctuations. The excessive production of synthetic rubber. 
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which inevitably leads to unfair price competition and price cut in the 
long run, is an important reason„ In the short run, the market is extra-
sensitive to changes in the U.S. stockpile disposal policies, to disrup-
tions in consumption caused by labour disputes or trade depression or to 
increases in consumption due to sudden demands, to news about the levels 
of stocks in both producing and consuming countries or about various world 
tensions, and to the activities of speculators. 
Allen, who analysed the natural rubber price patterns for RSS 1 
over 1925-69,^^ showed that the fluctuations in its price have tended to 
diminish markedly in recent years. The standard deviation, grouped over 
5-year periods, fell from 58 cents per lb in 1947-51 to 7 cents per lb 
in 1964-69 (up to July). To seek more detail the writer has computed 
standard deviations of average RSS 1, 2 and 3 monthly prices for each 
year for the period 1950-70 (Table G4.1). These show that the extent of 
fluctuation differs marginally only between grades of RSS, which may be 
expected in view of the close correlation between the prices. The 
prices of other grades were not scrutinised because of the difficulty 
of securing the monthly averages, but there was no a priori reason to 
suspect a deviation from the pattern secured for RSS 1, 2 and 3. 
The diminution in fluctuations was quite rapid, from a standard 
deviation of 53 cents per lb in 1950 to 5 cents per lb in 1958 (RSS 1); 
it rose again from 1959 until 1961. In 1962 there was a sharp fall in 
standard deviation of monthly prices to 2.2 cents per lb and since then 
it has not exceeded 7 cents per lb. By and large, the degree of fluc-
tuation is positively correlated with the price, but the coefficient of 
variation of price is certainly declining; it may be questioned as to 
whether its magnitude will continue to diminish or remain constant at the 
^^P.W. Allen, 'Analysing Price Patterns', Rubber Developments, Vol.22, 
No.4, 1969, pp.122-125. 
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level prevailing over the recent years in view of falling prices. If 
history provides any guide, it is reasonable to expect the standard 
deviation of monthly prices to remain within the 7 cents level. Indeed 
in view of the proposed joint regional marketing and other developments 
associated with this movement (expanded below), one may expect the fluc-
tuations to diminish. 
4.2.2. Expected Prices for Rubber 
Predicting future prices of natural rubber is a difficult 
exercise. This is so because of the many imponderables. Despite this, 
some forecast has to be made for practical planning purposes. 
The price of natural rubber has been customarily postulated to 
decline. In this study it is considered reasonable to take the view 
that the RSS 1 price of around 50 cents per lb (f.o.b.) will be maintained 
in 1971-75. Indeed this price is now held by both the Government and 
the industry to be a 'fair' level for a much longer period. It is proposed 
to take a more conservative view by assuming that, on average, the price 
will fall to a level of 45 cents per lb over 15 years between 1976 and 
1990, and to 40 cents per lb in 1991 and beyond. 
Since the final product exported from the country may take 
various forms, the expected prices of exports will deviate from the 
expected RSS 1 price. The types of product manufactured from latex 
and scrap in the schemes studied have already been described and their 
expected f.o.b. prices, after allowing for a discount or premium on the 
RSS 1 price, are given in Table 4.3; details of the discount and premium 
taken are given as a footnote to the table. The actual prices obtained 
for the crop produced on some of the schemes in 1967-70 are also given 
in Table 4.3. 
The prices shown are for both conventional rubbers (sheet and 
crepe) and block rubbers graded and sold under the S.M.R. scheme. The 
TABLE 4.3. 
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ACTUAL F.O.B. PRICES (1967-70) AND EXPECTED F.O.B. PRICES 
(1971 AND BEYOND) OF DIFFERENT PRODUCTS MANUFACTURED FROM 
SETTLERS' LATEX AND SCRAP 
Year 
Conventional 
rubbers from 
Block rubbers 
from 
T ^ a Latex Seraph 
Q 
Latex 
d 
Scrap 
1967 52.2 46.3 56.1 51.2 
1968 51.7 47.3 55.0 50.2 
1969 68.8 62.8 72.0 67.4 
1970 54.8 52.7 59.1 54.8 
1971-1975 (50) 49.0 45.0 52.0 47.0 
1976-1980 (45) - - 46.0 42.0 
1981-1990 (45) - - 45,0 41.0 
After 1991(40) - - 40.0 36.0 
Average for RSS 2 and RSS 3. The figure"-for 1971-75 is based on RSS 
1 price of 50 cents per lb less the expected RSS 1/2 and RSS 1/3 
price differentials, the latter being the computed averages for 
^ 1965-70. 
Refers to 2X Thick Brown Crepe. The figure for 1971-75 is assumed to 
be 90 percent of the expected RSS 1 price, the proportion being the 
mean in 1966-70. 
'The actual prices refer to S.M.R, 5CV since practically all the latex 
purchased was manufactured into this grade, or grades fetching more 
or less the same price. The overall premium, over RSS 1, of S.M.R. 
grades produced from latex, was assumed at two cents per lb for 
1971-75 and one cent per lb for 1976-80. No premium is assumed from 
^ 1981. 
For reasons similar to those given in (c), the S.M.R. 20 price is given 
for the period 1967-70. The expected prices in 1971 and beyond are 
assumed to be 90 percent of the prices estimated for latex products; 
this proportion ranged from 91-93 percent in 1968-70, a somewhat lower 
percentage being chosen to allow for some production of S.M.R. 50. 
prices in the 'conventional rubbers' column are those pertinent to State 
and Fringe schemes which are currently making sheet rubber in group 
processing centres and selling it, together with scrap, through the 
traditional marketing channel. As explained above, these schemes will 
only be included in the smallholders' central processing and marketing 
schemes (all of which manufacture block rubber only) organised by the 
M.R.D. from early 1976. For those schemes selling latex (six F.L.D.A. 
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and five others), the prices listed in the 'block rubbers' column are 
relevant. It is generally agreed that the premium currently paid for 
the top S.M.R. grades will diminish and finally disappear. A two cent 
premium is therefore assumed in 1971-75, which is expected to drop to 
one cent in 1976-80 and vanish thereafter. 
The average RSS 1 price is considered unlikely to fall below 
40 cents per lb. Even at a price level much higher than this, the 
development of new synthetics to replace natural rubber, or a large 
expansion in capacity to produce polyisoprene rubber, are unlikely to 
be considered worthwhile by the synthetic rubber producers. Although 
further technical advances are likely in methods of producing various 
synthetics, the cost of oil and its derivative petrochemicals are steadily 
rising. 
Measures which will act against a fall in price have also been 
proposed, and some have been implemented. One example is the formation 
of the Association of Natural Rubber Producing countries (A.N.R.P.C,) in 
1970, comprising Malaysia, Indonesia, Singapore, Thailand, Ceylon and the 
Republic of Vietnam. The formation of a regional supermarket to buy and 
sell was decided upon at its inaugural meeting in Kuala Lumpur.^^ The 
objectives of this 'emporium', details of which will be spelt out soon, 
are: (a) to provide an inter-link in the rubber markets, so that there 
will be only one price for the same grade of rubber, (b) to bring about 
a stable price structure, and (c) to prevent exploitation. 
The Malaysian Government on its own has taken several measures 
to maintain a reasonable price for rubber and expand the market. One is 
to send out regular trade missions abroad, particularly to Russian and 
^^Malaysia, Press Communique of the First Meeting of the Association of 
Natural Rubber Producing Countries. 14-16th October 1970, Kuala 
Lumpur. 
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East European countries; recently special efforts have been made to 
trade with China. Another measure is the continual effort in research 
to create more uses for rubber, and to raise its quality. Yet another 
is the establishment of a permanent Rubber Price Stabilization Committee, 
which is given full powers of intervention in the rubber market. This 
Government 'agent' buys rubber directly from the market whenever it 
considers it appropriate to take such action. It operated successfully 
once in September 1967 when the price fell to around 43 cents per lb, the 
rubber purchased being disposed at a profit subsequently. In March 
1971, the Committee intervened again when the price touched 44 cents per 
lb. This operation immediately led to a rise in price; a week later it 
was nearly 49 cents per lb. Steps are now being taken to obtain the 
co-operation of other producing countries, so that intervention in the 
market can be introduced simultaneously in times of need. 
The Government has also attempted to find some means of 
eradicating the price instability caused by the U.S. stockpile. A 
special task force on this problem has been set up, and a number of 
possible meausres have been suggested. One is to buy the whole stock-
pile of about 340,000 tons, which is worth about $380 million at a price 
of 50 cents per lb. While the proposal is theoretically plausible, 
there are many practical difficulties. The main problem, of course, is 
to find the funds. There is also the physical problem that rubber is 
not only bulky but is also a deteriorating commodity. The purchase of 
the stockpile would also involve storage areas and heavy insurance costs. 
In practice it is unrealistic to expect the price of natural 
rubber to remain as constant over a long period as that of synthetic 
rubbers. The expedient alternative of using one expected average price 
over long periods is justified in long-term planning, since any refinement 
is unlikely to improve the end results significantly. It is quite 
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impossible in reality anyhow to fix a price for each year over a long 
period. Moreover, although it is generally agreed that the price of 
natural rubber (and that of synthetics too) will follow a downward 
trend, the rate at which the price is expected to fall is very much 
dependent on the view one wishes to promulgate. 
4.3 EXPECTED VALUE PRODUCT AND EXPECTED VARIABILITY 
Having specified the different forms of final product manu-
factured from latex and scrap and their future prices, the expected 
value product, or expected gross revenue, can easily be obtained for each 
land scheme. The first step is to split the expected yields in Tables 
3.14(a)-(c), (pp.89-91) into latex and scrap components, according to 
the proportions already discussed in 4.1.1. (pp.94-97). The amounts 
of latex and scrap in each year (Y) can then be multiplied by the appro-
priate expected prices (P) shown in Table 4.3 to obtain the expected 
gross revenue (R). For ease of computation, the average prices for 
latex and scrap products have been calculated first, weighted according 
to their respective proportions, and then used directly to value the 
total yields. The results in terms of expected gross revenue are given 
in Tables 4.4(a)-(c). 
As indicated earlier (p.36), the fluctuations about the expected 
value product arising from fluctuations in both expected prices and 
expected yields of rubber are measured by formula (1.3), viz:-
V(R) = Y^.V(P) + P^.V(Y) + 2PY.COV(P, Y) 
where V(P) is the variance of price, V(Y), the variance of yield and 
cov(P, Y) the covariance between price and yield. 
The covariance. The covariance term in the above formula 
has been ignored in this exercise, on the reasonable assumption that 
the price of rubber and the yield per acre are mutually independent. 
TABLE 4 . 4 ( a ) . EXPECTED GROSS REVENUE AND EXPECTED STANDARD DEVIATION OF SIX F . L . D . A , SCHEMES ($/ACRE) 
Year o f 
t a p p i n g 
L . B . J. Tenang Percha Serampang Gedan gsa Awah 
Revenue s . d . Revenue s . d . Revenue s . d . Revenue s .d . Revenue s . d , Revenue s . d . 
I 4 6 6 .9 0 562.5 0 567.5 0 583 .0 0 317.4 0 384.7 0 
2 571 .6 0 583.7 0 507 .1 0 664.4 0 405 .6 0 5 6 6 . 3 0 
3 561 .0 140.1 576 .3 141.3 545.7 139.0 617 .1 144.6 428 .4 126.3 504. 9 134,8 
4 627 .3 145.4 642.6 146.7 612.0 162.8 683.4 150.2 494.7 130.9 571 .2 139 .8 
5 683.4 150.2 698.7 151.6 668.1 120.2 744.6 155.7 545.7 134.8 627 .3 144.4 
6 734.4 154.8 749.7 156.2 714.0 152.9 790.5 160.0 571 ,2 136.8 673 .2 148 .3 
7 770 .1 158.1 785.4 159.5 754.8 156.6 831 .3 163.9 581.4 137.6 714 ,0 151 .9 
8 709.7 151.6 723.2 153.2 696 .1 150.1 763.9 158.0 506 .3 126.6 730 ,0 145.2 
9 732.3 154.2 741.3 155.3 714 .1 152.2 781.9 160.1 479 .1 124.0 750 .0 147.2 
10 741 .3 155.3 754.9 156.9 727.7 153.7 791.0 161.2 438 .5 120 ,3 765 .0 148.8 
11 637 .3 147 .2 682.5 152.1 655.4 149.1 736.7 158.2 647.7 122.4 570 .0 134.0 
12 723.2 156.6 727.7 157.2 668.9 150.6 804.5 166.1 725 .1 126.7 605.7 143.0 
13 945.9 150.6 976.8 153.1 914 .-9 148.1 1060,8 160.1 676 .3 127 .0 786 .8 137.5 
14 954.7 151.3 985.7 153.8 928.2 •  149.2 1069.6 160.8 693,9 128.2 804 .4 138.8 
15 959 .1 151.7 990.1 154.2 937.4 149.9 ^1074.1 161,2 698.4 128.5 813 .3 139.4 
16 923.8 148.8 950.3 150.9 901.7 147.1 1029.9 157.5 663.0 126 .1 747 .0 134.6 
17 897 .3 146.7 923.8 148.8 875.2 145.0 998.9 154.9 627.6 123.8 764.7 135 ,9 
18 910.5 147.8 937.0 149.9 888.4 146.0 1012.2 156.0 623.2 123.5 777 .9 136 .8 
19 919.4 148.5 945.9 150.6 888.4 146.0 1021.0 156.7 614.4 122.9 786 .8 137 .5 
20 928.2 149.2 954.7 151.3 906.1 147.4 1025.4 157.1 5 92 .3 121.5 7 95.6 138 .1 
21 880 .0 141.8 902.0 143.6 858 .0 140.1 972.4 149.4 565 .8 115.6 755 .8 131 .1 
22 836 .1 138.3 858 .0 140. 1 814.0 136.6 919.6 145.0 523.7 114.2 720.5 128.6 
23 702.0 126.7 721.5 128.5 682.5 124.9 772.2 133.2 456 .3 103.4 607.6 117.3 
24 663,0 123.2 "678.6 124.6 647.4 121.8 729.3 129.2 436 .8 102.0 576 .2 114.7 
25 624.0 119.8 639.6 121.1 608.4 118.4 682.5 ' 124.9 413 .4 100.4 544 .9 112,2 
26 585.0 116.5 596.7 117.5 569.4 115.2 639.6 121.1 393.9 99 .1 509 .6 109.5 
27 546 .0 113.3 557.7 114.3 534 .3 112.4 592.8 117.1 370.5 97 .6 478 .2 107 ,1 
28 507.0 110.3 518.7 111.2 495 .3 109.4 549. 9 113.6 351.0 96.4 446 .9 104.9 
29 468 .0 107.4 475 .8 108.0 456 .3 106.6 507 .0 110.3 32 7,6 95 .1 415 ,5 102.8 
30 429 .0 104.7 436 .8 105.3 421 .2 104.2 460,2 106.9 308. 1 94 .0 384,2 100.8 
00 
TABLE 4 . 4 ( 5 ) . EXPECTED GROSS REVENUE AND EXPECTED STANDARD DEVIATION OF SIX STATE SCHEMES ($/ACRE) 
Year of 
tapping 
Panchang Labu Dua Menderang Gerbang Pepuyu 
Revenue s.d . Revenue s .d . Revenue s .d . Revenue s .d . Revenue s .d . Revenue s.d . 
1 323 .0 0 332.5 0 231.2 0 177.2 103.3 207 .5 111.7 187.2 110.7 
2 4 8 3 . 9 0 478 . 3 0 430 . 1 0 370. 1 137.4 417 .2 148.5 384 .3 0 
3 479 . 4 101.7 663 .8 0 4 45 . 9 118 .9 391.5 0 426 . 8 0 4 0 2 . 4 118.7 
4 561 . 0 109.5 439 .1 0 4 57 . 9 130.2 409 .7 120 .3 443 . 4 130 .0 4 1 9 . 3 127 .4 
5 632 .4 116.7 617 .1 115.1 501 .3 133.6 453 . 1 123 .6 486 . 8 133 .3 462 . 7 130 .6 
6 693 .6 123.2 673.2 121 .0 530 .2 136.0 4 8 2 , 0 125 .9 510 . 9 135 .3 4 9 1 . 6 132 .8 
7 734 .4 127.7 719 .1 126 .0 535 .0 136.4 491 . 6 126.7 520 . 6 136 .0 496 . 5 133 .2 
8 682 .5 126.7 749.7 129.4 525 .4 135.6 482 . 0 125 .9 510 . 9 135.3 4 9 1 . 6 132 .8 
9 696 .1 128.5 770 .1 131.7 470 .1 123.2 4 24 . 9 113.8 456 . 6 122.7 4 3 3 . 9 119 .9 
10 705 .1 129.7 687 .1 127.3 4 24 . 9 119.1 384.2 110.2 411 . 3 118.7 393 .3 116.5 
I I 587 .6 116.5 604 .1 118.8 4 15 . 9 122.4 393 .3 114.7 406 .8 122.5 397.7 120, 9 
12 664.5 126.2 664.5 126.2 452 . 0 125.5 4 32 . 9 118.3 447 .5 125 .9 4 38 . 5 124 .3 
13 937 .0 127 .1 944.7 164.2 687 .1 149.4 655.4 141.0 619 .3 142 .6 664 .5 146 ,8 
14 954.7 128.7 867 .9 153.5 685.1 127.6 658.5 120.5 623.2 124.3 663 .0 126. 1 
15 968 .0 130 .0 945 .9 127 .9 693 .9 128.3 667.4 121.1 636.5 125.1 671 .8 126.7 
16 923 .8 125.8 901.7 123.7 654 .2 125.5 632.1 118.7 614.4 123.7 636 .5 124 .4 
17 892 .8 122 .9 875.2 121.3 623.2 123.5 601.1 116.6 592 .4 122.3 605 .5 122.4 
18 906.1 124. 1 888.4 122.5 618 .8 123.2 596.7 116.3 587 . 9 122.1 601 .1 122.1 
19 914 .9 125.0 897 .3 123.3 605.5 122.4 583.4 115 . 4 ' 574 .6 121.2 587 . ^ 121 .3 
20 919.4 125.4 901.7 123.7 583 .4 121.0 561 .3 114.0 552 .5 119 .9 565 .8 119 .9 
21 871.2 119.2 853.7 117.6 558 .8 115.3 536 .9 108.6 528 .0 114.2 541 .2 114,2 
22 827 .2 115.1 814 .0 113 .9 536 .9 114.0 514 .8 107.2 506 .1 112 .9 519 .3 112 ,9 
23 702 .2 106.7 770 .0 105.5 510.4 103.2 492 .8 97.4 484 .1 102.2 497 . 2 102,3 
24 659.1 103 .0 726 .0 101.4 432 . 9 101.8 417 .3 96 .0 409 .5 100.8 421 . 2 101 .0 
25 620.1 99 .0 608.4 97 .8 413 .4 100.4 397.8 94 .6 393 .9 99 .8 401 .7 99.7 
26 581 .1 95 .0 569 .4 93 .8 390 .0 98 .9 378.3 93 .3 374.4 98 .6 378 .3 98 .1 
27 542. I 91 .1 665.7 90.4 370.5 97.7 358 .8 92 .0 354 .9 97.4 358 .8 96 . 9 
28 503 .1 87 .4 495 .3 86 .6 351 .0 96.5 339.3 90 ,8 335.4 96.2 339 .3 95 .8 
29 464 .1 83.7 867.1 83 .0 331.5 95 .3 319.8 89 .6 315 .9 95 .2 319 .8 94.7 
30 425 .1 80 .3 421 .2 79 . 9 300.3 88 .5 296 .4 94 .1 300 .3 93 . 6 
TABLE 4.4('c). EXPECTED GROSS REVENUE AND EXPECTED STANDARD DEVIATION OF EIGHT FRINGE SCHEMES ($/ACRE) 
Year 
^ f 
Timbol Gentam Beranang Beting Purun Rambutan Halt Sahom 
o z 
tapp-
ing 
Reve 
nue s . d . 
Reve-
nue s .d 
Reve-
nue s . d . 
Reve-
nue s . d . 
Reve-
nue s . d . 
Reve-
nue s . d . 
Reve-
nue s . d . 
Reve-
nue S . 1 d. 
I 283. 8 0 277.1 0 284.0 0 279.3 0 265.7 0 184.5 0 157.4 0 145.5 0 
2 392. 3 0 380.7 123. 5 331.6 0 314.8 0 301.7 0 259.3 126 .0 235.2 125.0 225.7 124 .6 
3 464. 1 115. 8 469.2 129. 1 361.5 133. 3 371.1 131. 9 372.3 109, ,3 342.2 130 .2 318.1 128.9 308.5 128 .3 
4 540. 6 122. 1 535.5 134. 0 419.3 136. 9 433.8 135. 9 448.8 114, .7 404.9 134 .0 380.8 132.5 371. 1 131 .9 
5 601. 8 127. 4 581.4 137. 6 477.2 140. 9 477.2 139. 0 504.9 119, .1 448.3 136 . 9 424.2 135.3 404.7 134 .6 
6 642. 6 131. 2 542.4 130. 3 520.6 144. 2 501.3 140. 8 550.8 122. .9 477.2 139 .0 453.1 137.3 443.4 136 .6 
7 592. 1 126. 0 546.9 130. 8 559.1 147. 3 510.9 141. 6 576.3 125. .2 456.5 128 .2 433. 9 126.3 423. 9 125 .5 
8 605. 7 127. 6 537 .9 129. 8 551.5 138. 5 470.1 129. 4 519.8 117. .9 447.5 127 .4 424.9 125.5 415.9 124 .8 
9 601. 1 127. 0 515.3 127 . 6 569.5 140. 3 447.5 127. 4 515.3 117. ,4 420.1 125, . 1 397.7 123.1 388.7 122 .6 
LO 583. 1 124. 9 512.0 123. 2 583.1 141. 7 402.3 123. 7 497.2 115. .5 379.7 121 .9 357.1 120.2 348.1 119 .6 
11 510. 7 120. 0 424.3 112. 2 406.8 130. 3 406.8 128. 5 397.7 109, .0 395.3 127, .5 379.7 126.5 375.1 126, . 1 
12 556. 9 107. 9 464.1 114. 2 447 .5 133. 5 442.9 131. 4 429.4 111. .9 424.3 119, .3 415.5 118.9 411.1 118. .7 
13 760. 2 122. 7 698.4 128. 6 570.2 128. 6 561.3 141. 4 601.1 110. .9 548.1 125, ,6 534.8 124.8 530.4 124. ,6 
14 782. 3 124. ,5 711.6 129. 5 587.9 129. 6 583.4 127. 6 623.2 112. .4 570.2 126, ,8 556.9 126. 1 552.5 125. 8 
15 7 95. 6 125. ,6 720.5 130. 1 605.5 130. 6 596.7 128. 4 640.9 113, ,7 583.4 127 . 6 570.2 126.8 565.8 126. 6 
16 769. 1 123. ,4 680.7 127. 3 601.1 130. 3 583.4 127, 6 623.2 112, ,4 570.2 126. .8 561.3 126.3 556.9 126. 1 
17 747 . 0 121. ,7 645.3 125. 0 596.7 130. 1 570.2 126. 8 605.5 111. ,2 556.9 126. ,1 548. 1 125.6 543.7 125. 3 
18 751. 4 122. ,0 640.9 124. 7 610.0 130. 9 565.8 126. 6 610.0 Ill, .5 552.6 125, 8 543.7 125.3 539.2 125. 1 
19 747. 0 121, .7 627.6 123. 4 618.8 131. 4 552.5 125. 8 610.0 111. ,5 539.2 125. , 1 530.4 124.6 526.0 124. 3 
20 7 38. 1 120, .7 605.5 122. 0 623.2 131. 7 534.8 124. 8 601. 1 110. ,9 521.6 124, 1 ,508.3 123.4 503.9 123. 2 
21 704. ,4 115, .4 580.8 107. 9 594.0 125. 3 510.4 118. 8 654.1 105. ,5 497.2 118. 'o 488.5 117.6 484.1 117 . 3 
22 592, ,8 105, .9 491.4 106. 1 567.6 123. 7 488.4 117. 6 550.4 104. 0 425.1 117. 1 417.3 116.6 413.4 116. 4 
23 565, .5 103.4 468.0 104. 3 479.7 112. 0 417.3 106. 3 464.1 94, .7 405.6 106. ,5 401.7 105.3 393.9 104. 8 
24 538 .2 100 .9 448.5 102. ,9 456.3 110. 3 397.8 105. 1 444.6 93. 2 390.0 104. 6 382.2 104.1 378.3 103. 9 
25 507 .0 98 .3 425.1 101. ,2 436.8 109. 0 382.2 104. 1 421.2 91. 3 370.5 103. 4 366. 6 103.2 362,7 102. 9 
26 479 96 .0 401.7 99. ,7 413.4 107. 5 362.7 103. 0 401.7 89. 9 354.9 102. 5 351.0 102.3 347.1 102. 1 
27 44& .5 93 .5 382.2 98.4 390.0 106. 1 343.2 101. 8 378.3 88. 2 335.4 101. 4 331.5 101.2 327.6 101 . 0 
28 421 .2 91 .3 358.8 96. ,9 366.6 104. 7 327.6 101. 0 358.8 86. 9 319.8 100. 6 315.9 100.4 312.0 100. 2 
29 393 .9 89 .3' 335.4 95. .5 343.2 103. 4 308. 1 100. 0 335.4 85. 3 300.3 99. 6 300.3 99.6 296.4 99.4 
30 312.0 94, .2 319.8 102. 1 292.5 99. 2 315.9 84. 1 284.7 98. 8 280.8 98.7 276. 9 98. 5 
ho o 
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That is, the coefficient of correlation,/O , between price and yield is 
1 2 
zero, hence the covariance is also zero. It can of course be main-
tained on the grounds that research effort has been directed to increasing 
productivity as a means to offset falling prices, that price does affect the 
yield level. In this case, however, the two would be negatively corre-
lated because of the relationship of rising productivity and falling 
prices over time. The effect of taking covariances into account would 
therefore be to red uce the variance of expected revenue. 
Expected variance of price. It has already been demonstrated 
that fluctuation in price has tended to diminish and stabilize at low 
level since 1961 (Table G4.1). The standard deviation was 6 cents per 
lb in 1969 and 7 cents per lb in 1970, or about 9 and 13 percent of the 
mean prices respectively. The pattern of fluctuation in the first 
couple of months in 1971 showed a slightly higher coefficient of varia-
tion but was not grossly different from the 1970 figure. 
It is generally considered unlikely that price fluctuation will 
diminish between now and 1975 when the regional marketing arrangements 
sponsored by the A.N.R.P.C, are being planned. Indeed some increase in 
price variability is predicted in some quarters. In view of this it is 
felt reasonable to assume a coefficient of variation of 14-15 percent in 
1971-80, and about 10 percent thereafter. For ease of computation the 
standard deviation is used instead of coefficient of variation: 7 cents 
per lb in 1971-80, and 5 cents per lb in 1981 and beyond. The prices 
prior to 1971 are known and the variance, of course, is zero. 
Expected variance of yield. The measure required here is the 
variation of individual yields about the expected mean value at a given 
age of tapping. It is assumed in this study that the variance of indi-
vidual yields of a given clone observed elsewhere (on commercial estates) 
is the expected variance of yields on a land development scheme having 1 o 
See footnote 12, Chapter 2, p.36. 
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the same clone. Before considering the expected variances, it is 
obviously appropriate to examine whether the variances, or mean squares, 
pertinent to a given clone differ significantly between ages of tapping. 
If they are not grossly different, pooling can be done to facilitate 
subsequent computation of expected variances of expected yields on 
various schemes. 
Information on yields from individual fields in commercial 
estates has be en gathered for the eight planting materials of interest. 
These data cover a period of 6-10 years, depending on clones, over the 
first ten years of tapping. The variances for each of these tapping 
years have been computed in the usual manner (Table 4.5). For reasons 
already explained in Chapter 3 (p.54), information on the period after 
the tenth year of tapping is not obtainable. 
If there are only two years, the homogeneity of variance can 
easily be determined by comparing the sample value of F (the ratio of 
larger variance over the smaller) with the tabular value of F distribu-
tion at a given level of significance. Since variances of several 
tapping years are involved in the present case, Bartlett's test of 
homogeneity of variance is considered appropriate. This involves the 
2 computation of chi-square (yL ) and comparison of the result with the 
2 13 tabular value o f ^ distribution at a given level of significance. 
13 
As an example, see G.W. Snedecor and W.G. Cochran, Statistical Methods. 
(Ames: The Iowa State University Press, sixth ed., 1967), pp.296-298 
A quick test of homogeneity of variance can be provided by computing 
the ratio of the largest to the smallest of a set of independent 
variances and then comparing it with the tabular value of Smax^/Smin^ 
ratio at a given level of significance. The latter can be found in 
E.S. Pearson and H.O. Hartley, Biometrika Tables for Statisticians 
(Cambridge: Cambridge University Press, 1954), Vol.1, p.179, Table 31 
This ratio is less satisfactory in the present study, since each 
variance in a set is based on samples of different sizes. It also 
ignores the variances between the largest and the smallest. 
TABLE 4.5. VARIANCES OF YIELDS IN l-IO YEAR PERIOD FOR PLANTING MATERIALS USED ON LAND DEVELOPMENT SCHEMES 
Year of Variances of yields 
tapping RRIM 513 RRIM 605 RRIM 607 RRIM 62 3 PR : 107 PB 1 B6 Tjir 1 BD Tjir 1 CS 
1 57533 (59)^ 34585 (16) 21909 (16) 64518 (74) 8503 (11) 22546 (12) 179625 ( 2) 23653 (7) 
2 49410 (61) 35807 (16) 25782 (16) 42672 (71) 11927 (11) 9236 (12) 75751 ( 6) 38287 (7) 
3 42533 (40) 27034 (16) 65208 ( 7) 57916 (44) 20404 (11) 3393 (20) 96573 ( 8) 38204 (7) 
4 34400 (24) 55660 (16) 34553 ( 4) 115985 (19) 22895 (11) 22305 (26) 53360 ( 8) 46117 (7) 
5 60826 (17) 65953 (10) 25312 ( 4) 50355 ( 7) 18859 (11) 13342 (32) 44371 ( 8) 65686 (7) 
6 32027 ( 9) 98710 ( 4) - 6271 ( 2) 41788 (11) 26016 (10) 55643 (19) 112611 (7) 
7 56721 ( 7) - - - 36516 (11) 33725 ( 8) 78339 (20) 63438 (7) 
8 33380 ( 4) - - - 52346 (10) 50256 ( 4) 68134 (22) 37753 (7) 
9 20808 ( 3) - - - - 31937 ( 6) 83970 (22) 35146 (6) 
10 - - - - - 38632 ( 6) 55145 (22) 96297 (6) 
Figures in brackets denote the degrees of freedom. 
tsj 
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The results of Bartlett's test in regard to sets of variances 
for the eight planting materials of interest are detailed in Table 4.6. 
These show that, for all clones except RRIM 623, the variance does not 
differ significantly from one year to another. Indeed there is no 
physiological reason to expect the variation to differ between ages of 
tapping, at least over the first ten years of exploitation. The variances 
are therefore pooled for later reference (Table 4.6). Although there is 
TABLE 4.6. BARTLETT'S TEST OF HOMOGENEITY OF VARIANCES OBSERVED IN 
THE FIRST TEN YEARS OF TAPPING FOR EIGHT CLONES 
Clone Degrees of freedom Weighted mean square 
RRIM 513 9 4.12 NS 48,690 
RRIM 605 6 5.57 NS 44,920 
RRIM 607 4 3.29 NS 31,433 
RRIM 623 5 24.21 /V/V 59,544 
PR 107 8 13.26 NS 26,360 
PB 86 9 14.31 NS 19,200 
Tjir 1 BD 9 2.04 NS 69,720 
Tjir 1 CS 9 10.52 NS 55,420 
NS denotes non-significance. 
** denotes significance at 1 percent level 
a significant difference among the annual variances for RRIM 623, it is 
not considered worthwhile to make special allowance for this particular 
clone. RRIM 623 was planted in combination with other clones (Table 
2.1, p.28); the use of different annual variances is unlikely to improve 
the accuracy. 
Since most of the schemes being studied comprise two or more 
clones, an analysis has also been made to find out whether the variance, 
at a given age of tapping, differs between planting materials. Alto-
gether eight combinations of two clones each are involved. These are 
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RRIM 513/RRIM 605, RRIM 513/RRIM 623, RRIM 605/RRIM 607, RRIM 605/RRIM 623, 
RRIM 605/PR 107, RRIM 605/Tjir 1 BD, RRIM 623/Tjir 1 CS, and PR 107/PB 86. 
The homogeneity of variances for each pair at a given year of tapping is 
tested on the basis of their F ratio. The results show that in most 
cases the variances of the clones of interest are not statistically 
different (Table 4.7). Where there is interaction, for example between 
RRIM 605/Tjir 1 BD and RRIM 607/Tjir 1 BD, this does not happen through-
out the whole period: the variances are different in certain years but 
are homogeneous in others. 
In this study the variances of two or more clones used on a 
scheme are therefore pooled. The approach greatly simplifies the 
computation and is not thought to reduce the usefulness of the analysis. 
The weighted variances shown in Table 4.6 are assumed to be the expected 
variances of expected yields on the various land schemes. Where a 
scheme has only one planting material (e.g. Tjir 1 CS in Sahom), the 
expected variance over the first ten years of tapping is the weighted 
variance computed for this material, i.e. 55,420 lb. Where a scheme 
has two planting materials, say RRIM 623 and RRIM 605 (in Tenang), the 
expected variance is the average of the weighted variances computed for 
these two clones, i.e. 52,230 lb. 
The expected variances derived in the manner described above 
refer to the first ten years of tapping only. It may, of course, be 
questioned as to whether these are also relevant for the subsequent 
years. There is, however, no way of predicting this, although it is 
believed that the degree of variability tends to increase when the bark 
of first renewal is tapped. Information secured from the estate yield 
survey was not considered adequate enough to provide estimates of variances 
in the 11-20 and 21-30 year periods. Nevertheless the results presented 
in Table 4.8 exhibit an interesting trend, albeit a tenuous one. They 
TABLE 4.7. F RATIOS BETWEEN VARIANCES OF YIELDS OF PLANTING MATERIALS USED JOINTLY ON THE LAND DEVELOPMENT 
SCHEMES: BY YEAR OF TAPPING 
F ratio between two plar at ing materials used u 3 on one scheme 
Year of RRIM 513 RRIM 513 RRIM 605 RRIM 605 RRIM 605 RRIM 605 RRIM 607 RRIM 623 PR 107 
tapping and and and and and and and and and 
RRIM 605 RRIM 623 RRIM 607 RRIM 623 PR 107 Tjir 1 BD Tjir 1 BD Tjir 1 CS PB 86 
1 1.66 NS 1.12 NS 1.58 NS 1.87 + 4.07 * 6.50 * 10.27 2.73 + 2.65 + 
2 1.38 NS 1.16 NS 1.39 NS 1.19 NS 3.00 3.38 * 4.69 ^'"V 1.12 NS 1.29 NS 
3 1.57 NS 1.36 NS 2.41 + 2.14 1.33 NS 5.25 2.17 NS 1.52 NS 6.01 'V^Sr 
4 1.62 NS 3.37 NS 1.61 NS 2.08 + 2.43 + 1.77 NS 2.85 NS 2.52 NS 1.03 NS 
5 1.08 NS 1.21 NS 2.61 NS 1.31 NS 3.50 1.36 NS 3.54 NS 1.30 NS 1.41 + 
6 3.08 + 5.11 NS - 15.74 + 2.36 NS 1.02 NS - 17.96 NS 1.61 NS 
7 - - - - - - - - 1.08 NS 
8 - - - - - - - - 1.04 NS 
Covers all combinations of clones used on the schemes studied (see Table 2.1). 
freedom are given in Table 4.5. 
NS denotes the variances between the clones are not significant. 
+ denotes significant difference at the 10 percent level. 
" denotes significant difference at the 5 percent level. 
"" denotes significant difference at the 1 percent level. 
The relevant degrees of 
NJ 
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appear to confirm the belief that the variances are higher in the 11-20 
year period than in the first ten years. For 'mixed' material the 
increase is as high as 48 percent, probably due to the varying responses 
of clones to stimulants and the environmental factors mentioned in 
Chapter 3, whilst for other clones the increase is less than 10 percent. 
In the 21-30 year period the variances are marginally higher than those 
in the 1-10 year period, except for the 'mixed' material; this time the 
latter exhibits a smaller variance. 
TABLE 4.8. MEAN VARIANCES OF YIELDS IW 1-10, 11-20 AND 21-30 YEAR 
PERIODS FOR OLD PLANTING MATERIALS 
Clone 
Mean variances of yield 
1-10 years 11-20 years 21-30 years 
GL 1 
Pil.B 84 
Mixed 
PB 25 
PBIG 
99214 (100)® 
72800 (100) 
68653 (100) 
34358 (100) 
104138 (105) 
76858 (107) 
101516 (148) 
36270 (106) 
100169 ( - ) 
100391 (101) 
74155 (102) 
65958 ( 96) 
76838 ( - ) 
Figures in brackets denote variances expressed as percentages of 
those in the 1-10 year period. 
It accordingly is considered reasonable to assume that the 
expected variance of a particular clone increases by 10 percent in the 
second ten years of tapping, and then declines to the original level 
again. 
Having determined the expected variance of price and the 
expected variance of yield, the expected variance of revenue for each 
year of tapping can be calculated according to the formula described 
above. The results, expressed in terras of standard deviation, are 
presented in Tables 4.4(a)-(c), 
128 
CHAPTER 5 
COSTS OF DEVELOPMENT AND PRODUCTION: 
THE COMMERCIAL AND SETTLERS' VIEWPOINTS 
The costs of development and production are now analysed. In 
this chapter they are viewed from the two private viewpoints specified 
earlier: (1) the commercial and (2) the settlers'. The social view-
point is treated in Chapter 6. 
The costs of development include all those from the time of 
jungle-clearing to commencement of first tapping, a period stretching 
over 8-9 years in this study. This is inclusive of six months to a 
year spent on land preparation before the actual planting of rubber 
seedlings. The costs of production are those incurred in extracting 
the crop from the tree and taking it to the port for export overseas. 
These include the maintenance expenses (e.g. manuring) needed to keep 
the production units in satisfactory condition. 
Sources of data. Almost all data on development operations 
were derived from a detailed analysis of accounts and records kept by 
the F.L.D.A. and the State Governments. Information about production, 
however, was necessarily based on surveys and other evidence, and was 
adjusted according to the current and expected policies of the authori-
ties concerned. The way in which itemised production costs were 
derived should be clear in subsequent discussion. The length of the 
production or exploitation cycle has been assumed to be 30 years, 
giving a period of analysis of 38 years. 
For schemes financed by the F.L.D.A., the annual total deve-
lopment expenses, classified under a few major headings, were obtained 
from the Authority's audited annual financial statements. But the 
following records have also been scrutinized, to obtain details of 
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expenditure items: (a) Books showing itemised payments to contractors 
from the time of jungle-clearing up to the stage when settlers took over 
the maintenance, about six months to a year after planting. With minor 
variations, the expenditure shown in these books was in line with the 
rates and volume of work specified in individual contract agreements, 
(b) Vouchers which showed the monthly itemised expenditures after the 
settlers had taken over. (c) Settlers' accounts which recorded 
expenditure on such items as tools and implements, cash advance and sick 
loan, fertiliser and other chemicals after the commencement of tapping. 
The accounts for projects financed and managed by the State 
and 'Fringe Alienation' were less satisfactory, being kept by less 
competent staff. These were, however, much simpler because the expen-
diture items involved were relatively few and straightforward. The 
details were usually contained in vouchers scattered in files pertinent 
to each scheme, but summary accounts were available for most of the 
schemes in Negeri Sembilan. Considerable time was spent in identifying 
and sorting out the relevant information, particularly for the schemes 
in Perak. The data had to be interpreted with care and this would not 
have been possible without the co-operation of accounts clerks and 
field supervisors in charge of the schemes. 
To facilitate presentation and analysis, all costs have been 
expressed in per acre terms. Total annual expenditures per scheme, 
classified according to major items, are given in Appendix F (Tables Fl 
to F20). 
5.1 THE COMMERCIAL CASH OUTFLOWS 
5.1.1. Development Expenditures Over Immature Growth Period 
Table 5.1 summarises the itemised results for the six F.L.D.A. 
schemes, while those for the State and Fringe schemes are set out in 
TABLE 5.1. MAJOR BREAKDOWN OF TOTAL DEVELOPMENT COSTS ($/ACRE) IN F.L.D.A. SCHEMES, 1961-1968 
Schemes Establish-ment 
Mainte-
nance 
Administra-
tion and 
management 
Ferti-
liser 
Pest and 
disease 
Agri. 
roads 
Miscell-
aneous 
Store a issues 
State 
element s*^  Total^ 
Tenang 540.6 277.7 162.4 92.9 40.0 8.9 33.6 100.6 41.5 1298.2 
Percha 346.9 435.8 215.6 175.6 32.0 14.1 35.9 57.4 61.1 1374.4 
Serampang 418.5 464.7 200.0 154.8 24.2 32.2 36.8 22.5 41.6 1395.3 
L.B.J. 637.6 257.4 196.5 112.4 60.8 17.1 27.8 31.7 66.9 1408.2 
Gedangsa 658.1 501.7 177.2 117.4 51.0 47.2 30.0 47.7 68.2 1698.5 
Awah 372.0 479.2 228.0 53.8 24.4 37.4 39.2 55.8 67.5 1357.3 
All schemes 491.5 402.0 196.6 116.3 38.1 26.0 34.0 53.5 57.2 1415.2 
^Tools, implements, chemicals and miscellaneous items. 
Survey fees, land premium and quit rent. 
Not including cash advances and sick loan given to settlers in order to make up the guaranteed monthly 
income of $69.60 per family during developmental period. 
Source: Federal Land Development Authority, Kuala Lumpur. 
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Table 5.2. The figures denote the overall expenses incurred in deve-
loping one acre of rubber land, from the time of jungle-clearing to 
maturity, under commercial conditions. The periods of immaturity are 
indicated in the tables; most of the schemes were established in 1961-
1968. It should be pointed out that planting was actually carried out 
during the rainy seasons in either April/May or August/September, while 
tapping commenced in July-October in the schemes being investigated. 
For ease of exposition and analysis, the calendar year has been assumed 
in this study. This will have no significant influence on the results 
of the economic analysis. 
As generally expected, the projects started by the F.L.D.A. 
incurred the highest cost of development, ranging from $1298 per acre 
for Tenang to $1,700 per acre for Gedangsa. Those developed by the 
State had lower costs, at $800-$1200 per acre, while the Fringe schemes 
were the cheapest, having costs less than two-thirds of those incurred 
by the F.L.D.A. The unpaid family labour on maintenance has been 
allowed for in the Fringe schemes. On average, the total development 
costs per acre were $1415, $1004 and $760 on the F.L.D.A., State and 
Fringe schemes respectively. 
Initial establishment is the largest single item of expendi-
ture. It accounts for $492 per acre, or over one-third of the average 
total cost on the F.L.D.A, schemes. This item is not shown separately 
for the State and Fringe schemes, being grouped under 'establishment and 
maintenance', but the proportion is about the same. Other major items, 
in descending order of magnitude, are maintenance, administration and 
management, manuring, 'State elements' and 'store issues'. Each of 
these expenditures is now elaborated. 
TABLE 5.2. MAJOR BREAKDOWN OF DEVELOPMENT COSTS ($/ACRE) IN STATE AND FRINGE SCHEMES 
Scheme Establishment and maintenance 
Administrat ion 
and management Fertiliser 
Store issues 
and others 
Agricultural 
roads 
State ^ 
elements Total 
State 
Panchang 793.8 90.4 205.4 43.3 10. 1 69.2 1212.2 
Labu 809.8 90.4 161.2 33.1 46.5 86.6 1227.6 
Dua 629.8 101.7 164.1 115.3 8.1 77.1 1096.1 
Menderang 514.9 66.4 38.3 64.6 18.2 92.4 7 94.8 
Gerbang 571.7 66.4 41.5 53.1 9.0 67.4 809.1 
Pepuyu 618.8 66.4 44.6 75.8 11.7 67.4 884.7 
All 656.5 80.3 109.2 64.2 17.3 76.7 1004.2 
Fringe 
Timbol 403.0 120.6 64.9 78.6 14.8 81.4 763.3 
Gentam 453.0 107.2 93.8 23.1 21.1 69.6 767.8 
Beranang 409.7 107.2 58.2 14.6 10.2 73.8 673.7 
Beting 427.9 107.2 112.3 10.6 5.7 69.0 7 32.7 
Purun 464.4 107.2 47.9 94.9 18.1 68.6 801.1 
Rambutan 517.4 66.4 54.8 50.3 14.7 66.3 769.9 
Halt 530.5 66.4 76.3 55.8 9.2 69.0 807.2 
Sahom 494.2 66.4 45.8 55.0 10.0 91.9 763.3 
All 462.5 93.6 69.3 47.9 13.0 73.7 760.0 
j^The figures for Fringe schemes include estimated family labour cost on weeding (see text). 
Survey fees, land premium and quit rent. 
Source: Departments of Lands and Mines, Negeri Sembilan and Perak. 
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Establishment and maintenance. The major items of cost under 
the initial establishment heading are felling, clearing, planting and 
budding which are all incurred in the first two years of establishment. 
These costs are followed by those on maintenance, the principal of which 
is weeding. The rubber trees require less and less maintenance towards 
maturity, and these costs therefore decline with the years. 
The figures in the Appendix tables referred to above do not 
fully reflect the distribution of cost over time, however. This is 
due to the fact that expenses were recorded at the time when payment 
was issued and were not charged to the year in which a particular work 
was carried out. The distribution of cost is further distorted by 
instalments of progress pajmient which could spread over 2-3 years. 
Although progress payments were supposed to be directly related to the 
amount of work performed there was some time lag in actual payment. But 
in practice the patterns represent the actual cash outflows; and should 
be taken as such for discounting purposes. 
It should be noted that the cash advances and sick loans given 
to settlers in the F.L.D.A. schemes in order to make up the current 
guaranteed monthly income of $69.60 per family have not been included 
as a cost of development. These expenses were not paid out for the 
maintenance work required in the holdings. In some early F.L.D.A. 
projects, settlers were required to carry out the basic development 
operations, including the construction of their houses, without any 
payment. This method, though cheaper initially, was later found 
unsatisfactory because the immature period was unnecessarily lengthened. 
It resulted in not only greater overall expenses but a standard of 
husbandry considerably lower than originally anticipated. Following 
this experience development work has been contracted out since 1961 and 
settlement postponed until the rubber tree has been fully established. 
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Further, in order to ensure good subsequent maintenance, settlers have 
not been given identifiable holdings in the first instance. The pro-
cedure, evolved through trial and error, has been to divide each project 
into blocks to be maintained jointly by groups of 20-35 settlers. Each 
block is subdivided into separate identifiable holdings only after a 
year or so. 
Prior to June 1967 every settler received a payment of $50-$70 
per month, depending on the number of days worked. After that date, 
the amount was fixed at $69.60 per month, this being the income from 
24 'kongs', or mandays, at $2.90 per kong.^ Since the amount that could 
be 'earned' declined as the trees matured (because rubber requires 
progressively less and less maintenance), a subsistence allowance or 
cash loan was also introduced to supplement settlers' earnings and to 
bring them up to the fixed level. In addition a 'sick loan'^ at the 
rate of $2.90 per day, was made available, subject to a maximum of $50 
per month. 
Thus only the payment for settlers' effort spent in tending 
the young rubber, as determined by technical requirements, has been 
included in the cost of development in Table 5.1. Both these payments 
were recorded separately in the F.L.D.A. accounts, so that there was no 
difficulty in separating them. 
The settlers in the State schemes also received payment for 
their labour but the amount varied from scheme to scheme. Since these 
expenses constituted payment for labour expended on the upkeep of rubber 
areas, as specified by the authority concerned, they have been included 
in Table 5.2 under 'establishment and maintenance'. On the other hand, 
^Federal Land Development Authority, Settlers' Circular No.1/67: Assured 
Monthly Income of Settlers, May 1967. 'Kong' is a local unit of one 
eight-hour manday. 
135 
settlers working in projects organised by 'Fringe Alienation' were not 
paid any sum at all. To enable a meaningful comparison with other 
schemes and commercial plantings in estates, their unpaid family labour 
has been costed and incorporated as part of maintenance costs. 
The total weeding cost on estates commonly ranges from $380-$430 
per acre over a six year immature period; an average of $398 per acre 
2 
was reported in 1966 for estates in Selangor. The F.L.D.A. schemes 
studied also incurred about the same expenditure. The normal weeding 
schedule of an average F.L.D.A. scheme and the costs involved (which are 
roughly in line with those on estates) are summarised in Table 5.3. It 
is, of course, unrealistic to assume the Table 5.3 costs on the Fringe 
schemes because the latter's weeding and other inputs are often minim.al, 
a practice which explains the generally inferior condition on such 
schemes, as opposed to F.L.D.A. and State schemes. Interviews with 
scheme supervisors suggested that the Fringe settlers generally spent 
about half the maintenance time normally taken by settlers on the 
F.L.D.A. schemes and about two-thirds of that taken by settlers on the 
State schemes. In view of this a cost of $200 per acre (i.e. about half 
the total weeding cost shown in Table 5.3) is assumed to be reasonable 
on the Fringe schemes. 
Administration and management. The expenses shown under this 
heading were those incurred at the individual scheme level only, those 
at the headquarters being excluded. As already noted in Chapter 1, the 
F.L.D.A. is a big national organisation charged with the responsibility 
of opening up new land in various parts of the country for planting 
rubber, oil palm and any other crops that it may think fit. In the 
2 
Ng Choong Sooi, Economic Aspects of Replanting on Rubber Estates, 
Rubber Research Institute of Malaya, Economic Report No. 9, 
December 1971. 
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TABLE 5.3. NORMAL WEEDING SCHEDULE AND COSTS OF AN AVERAGE F.L.D.A, 
SCHEME OVER A SIX YEAR IMMATURE PERIOD 
I t e m 
Monthly 
cost 
($/acre) 
Annual 
cost 
($/acre) 
First Year 
One round a month involving about 2 1/3 manday 
per acre. 7.0 84 
Second Year 
Same as first year. 7.0 84 
Third Year 
(a) Strip weeding: about 22 chains of 6 ft. 
strips to be weeded per acre, involving 
1.8 mandays at 12 chains per manday. ) 
2.0 ) 
89 
(b) Interrow weeding: about 2/3 manday per acre 
Fourth Year 
(a) Strip weeding: about 22 chains of 6 ft. 
strips to be weeded per acre, involving 
1.5 mandays at about 15 chains per manday. 
4.5 ) 
) 68 
(b) Interrow weeding: 2.5 acres per manday. 
Fifth Year 
Strip weeding: about 1.2 mandays per acre at 
18 chains per manday. 
3.6 43 
Sixth Year 
(a) Strip weeding: one manday per acre at 22 
chains per manday. 
3.0 ) 
) 44 
(b) Interrow weeding: 4 acres per manday. 0.7 ) 
Total for six years 34.4 413 
^Work done by contract labour at $3 per manday. 
Sources: (a) Federal Land Development Authority, Planting Section, 1971. 
(b) Rubber Research Institute of Malaya, Economics and Planning, 
and Estates Advisory Service Divisions. 
meantime, it is also responsible for the social development of rural 
population. In contrast, there is no such parallel in regard to the 
State and Fringe schemes, the central administration of which forms a 
part of the overall duties of officers in the Departments of Lands and 
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Mines in the individual States. Even if one were to consider the 
expenses of central administration it would be difficult in practice 
to arrive at a reasonable and equitable figure. In the case of F.L.D.A. 
this cost has been estimated at $70-$80 per acre per year, on the basis 
of current expenditure and total developed area. This cost, which 
amounts to over $500 per acre over the development period, is necessarily 
large at this stage of the F.L.D.A. operations; it can certainly be 
reduced since the F.L.D.A. is geared for much bigger acreages and varied 
rural development activities in the future. In so far as the central 
administration cost of State and Fringe schemes is concerned, the situa-
tion is much more complicated and it is even more difficult to arrive at 
an acceptable estimate. In view of the above it was considered fairer 
not to charge the expenses of central administration to the cost of 
development in individual schemes. 
Detailed administrative expenses at the scheme level were 
available for each individual F.L.D.A. scheme up to June 1964. After 
that date the total expenses only were provided separately, following a 
change in the accounting procedures (discussed in 5.2.1.). 
The administrative accounts for the six individual schemes for 
period 1961-1964 have been scrutinised, and the cost works out at $20.3-
$28.5 per acre per year (Table 5.4). Clearly, the biggest item is 
salaries and other staff expenses, accounting for about three-quarters 
of the total. The item comprises payments for a resident manager, an 
assistant manager, and a team of clerks and field assistants. The 
remaining costs include office expenses, repairs and maintenance of 
vehicles and machinery and their depreciation. The costs as shown in 
Table 5.4 vary little from year to year. The administrative and manage-
ment costs over the development period are totalled in Table 5.1 and are 
employed in the subsequent analyses. 
TABLE 5.4. 
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DETAILED ADMINISTRATION AND MANAGEMENT COSTS ($/ACRE/YEAR) 
ON THE F.L.D.A. SCHEMES, 1961-1964 
Item L.B.J. Tenang Percha Seram-pang 
Ge-
dangsa Awah 
Salary & Staff 
Expenses 
Salaries 18.42 14.34 19.98 16.77 15.14 20.79 
Staff P.F. 0.54 0.76 0.90 0.72 0.55 0.32 
Travelling 0.35 0.20 0.38 0.27 0.66 0.54 
Medical 0.11 0.06 0.22 0.10 0.11 0.14 
Insurance 0.08 0.06 0.08 0.04 0,06 0.09 
Rent 0.65 0.37 0.40 0.90 0.31 0.52 
Entertainment 0.01 0.03 0.03 0.04 0.05 0.06 
Sundries/allowances 0.16 - 0.11 0.29 0.10 -
Sub-total 20.32 15.84 22.10 19.13 16.98 22.46 
Office Expenses 
Audit fees 0.17 0.16 0.22 0.21 0.15 0.26 
Bank charges 0.03 0.02 0.02 0.03 0.01 0.02 
Advertisement 0.14 0.14 0.36 0.11 0.12 0.25 
Postage 0.08 0.07 0.29 0.08 0.05 0.04 
Telephone 0.44 0.35 0.22 0.54 0.17 0.52 
Publication & maps 0.03 0.08 0.03 0.06 0.05 0.03 
Printing & station. 0.20 0.22 0.19 0.22 0.17 0,25 
General expenses 0.13 0.19 0.19 0.18 0.18 0.24 
Insurance 0.02 0.01 0.01 - - -
Repair & maintenance 0.07 0.19 0.12 0.21 0.05 0.16 
Sub-total 1.31 1.43 1.65 1.64 0.95 1.77 
Repairs 
Motor vehicles 2.12 2.19 3.15 3.50 2.19 3.29 
Plant & machinery 0.01 0.03 0.01 0.05 0.04 -
Sub-total 2.13 2.22 3.16 3.55 2.23 3.29 
Depreciat ion 
Building 0.33 0.23 0.21 0.23 0.66 0.34 
Furniture & fittings 0.16 0.14 0.20 0.16 0.21 0.24 
Plant & equipment 0.09 0.04 0.04 0.01 0.37 0.04 
Motor vehicles 0.28 0.40 0.52 0.32 0.73 0.32 
Sub-total 0.86 0.81 0.97 0.72 1.97 0.94 
Total 24.62 20.28 27.88 25.04 22.13 28.46 
Source: Federal Land Development Authority, Kuala Lumpur. 
The administration and management costs attributable to the 
State and Fringe schemes have been estimated on the basis of total 
salaries and allowances paid to staff at the 'scheme level'. This 
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latter staff, headed by a supervisor, is full-time and deals with all 
land schemes in the State. The supervisor has under his direction 
assistant supervisors at the district level, who in turn lead a team of 
field assistants in their respective districts. The field assistants 
are in direct contact with settlers, each covering about 300 acres of 
rubber or some 50-70 settlers. 
In determining the administration and management costs for the 
State and Fringe schemes, an attempt was made with those in Perak and 
Negeri Sembilan to find out the number of staff involved, their salaries, 
emoluments, and other allowances, and the planted acreages of rubber. In 
1970, there was in Perak a staff of 109 covering a total area of 32,919 
acres under both types of scheme. The total expenses as reported by 
the Department of Lands and Mines were $272,770, giving a cost of $8.3 
per acre per year. The number of staff in Negeri Sembilan was 15 for 
State schemes involving a total acreage of 3,213 acres; and 78 for 
Fringe schemes covering 19,304 acres. The salaries and allowances 
incurred were, respectively, $36,265 and $257,903, giving respective 
costs of $11.3 and $13.4 per acre per year. Separate figures are derived 
for Negeri Sembilan because the staff are clearly divided between the 
two types of scheme. These average rates are assumed to be the adminis-
tration and management costs for State and Fringe schemes in the States 
concerned. 
Fertilisers. The manuring programme for young and immature 
rubber was based on R.R.I.M. recommendations, although on the State and 
Fringe schemes the number and timing of applications might have differed 
3 
somewhat from recommendations. 
3 
The schedule of manuring for immature rubber on inland soils pertinent to 
the schemes being investigated can be found in 'Revised Manuring Pro-
gramme for Young Replantings', and 'Covers and Fertilisers for Immature 
Rubber', Planters' Bulletin of the Rubber Research Institute of Malaya, 
No.67, July 1963, pp.79-83, and No.89, March 1967, pp.66-72 respectively, 
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The R.R.I.M. mixture 'M' or 'C2' incorporating magnesium were 
used on all scheme plantings before 1966, the former being applied from 
after planting up to three and a half years of age. Mag C2 was used 
latterly. The constituent parts of Mag 'M' were sulphate of ammonia 
(42 percent), Christmas Island Rock Phosphate (45 percent), muriate of 
potash (5 percent), and kieserite (8 percent). Mag 'C2' comprised the 
same constituent parts, except that it had more than two-thirds of 
sulphate of ammonia to allow for a greater need for nitrogen after the 
disappearance of cover crops. After 1966 the CCM compound granular 
fertilisers under the trade name 'Cockshead' No.11 (in place of Mag 'M') 
and No.22 (in place of Mag 'C2') were used. 
The constituents and nutrient ratios of these CCM compounds 
have been formulated in accordance with R.R.I.M. recommendations and 
are broadly similar to those of the two former mixtures. The switch 
from the traditional powder mixtures to granular compound fertilisers 
is to ensure that each tree receives the recommended balance of NPK Mg 
nutrient s. 
Proper manuring of young and immature rubber is essential. It 
not only leads to significant increases in growth and early maturity, 
but has a beneficial effect on performance later in the life of the 
trees. Because of this the authorities concerned were especially 
strict with regard to manuring. Despite this not all the schemes under 
study actually received the amounts of fertilisers which it had originally 
been intended to apply. The quantities varied between schemes, as 
reflected in the varying costs of manuring in Tables 5.1 and 5.2. It 
should be pointed out in this connection that part of the fertiliser 
used on F.L.D.A. schemes, especially the amount issued towards the end 
of the development period, was treated as a 'store issue' (see below) 
and the cost incurred was charged under this heading. 
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Store issue. The expenditure items subsumed under this 
heading are tools and implement, chemicals and fertilisers applied 
toward the end of the development period, and other minor expenses. 
For State and Fringe schemes, this heading also includes expenditures 
on maintenance of drainage and bridges. 
The basic working tools and implement supplied to the settlers 
on the F.L.D.A. schemes were a weed cutter (tajak), axe, changkol, 
lalang fork, wedge, saw, sharpening stone, pruning knife, parang and 
claw hammer. The total value of these items for a settler working on 
an 8-acre holding has been estimated at $40 or about $5 per acre. The 
settlers on the State and Fringe schemes received somewhat less equip-
ment partly because these holdings were smaller. In all schem.es settlers 
were given sufficient latex cups, cup hangers, spouts, and latex buckets 
when the trees reached the tappable stage. 
State elements. These are survey fees, land premium and quit 
rent owed to the State Governments. The survey fees are paid for 
services rendered in connection with the determination of boundaries, 
size, contours and other facets of a proposed area. The rate of survey 
fees has been worked out at $10-$28 per acre, but most schemes incurred 
$17-$20 per acre. 
Land premium is a fee payable in respect of lands alienated 
for agricultural or other purposes, while quit rent is an annaul land 
tax. Since the State Authority of each State may issue separate Land 
Rules from time to time, made in accordance with the powers conferred in 
the National Land Code (Act 56 of 1956), the rates payable vary not only 
between States but also within a State. 
In almost all States the premium in respect of land located in 
the Malay Reservation Areas is only one half of that charged on land 
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outside these areas. Thus the rates charged on areas alienated for 
the F.L.D.A. schemes were $12.50 or $25 per acre respectively, depending 
on location. The rates were $5 or $10 per acre on areas opened up as 
State and Fringe Alienation schemes in Negeri Sembilan. In Perak, the 
rates imposed by the State Government were $25 or $50 per acre. 
In regard to the third element, quit rent, full details for 
different classes and uses of land can be found in a gazette on Land 
Rules issued by the State Authority of each State. In exercise of the 
powers conferred by Section 101 of the National Land Code, the States 
have made revisions from time to time of the rates payable in respect 
of all alienated lands. The last revision was made by several States 
in October 1969-March 1970. 
The rates of quit rent payable in respect of holdings on the 
six F.L.D.A. schemes have been fixed at $0.75 to $1.5 per acre per year 
in the first six years of planting and $3.0 to $6.0 per acre per year 
thereafter. For holdings on the State and Fringe schemes in Negeri 
Sembilan, the rate has been fixed at $6 throughout. In Perak the rates 
are $2 during the first six years and $6 thereafter. 
5.1.2. Production Expenditures Over the Exploitation Cycle 
The commercial costs of production incurred from the time of 
tapping to the final point of shipment have been estimated, partly on the 
basis of the survey of settlers (Chapter 2, p.41) and partly on the 
basis of guesswork. The estimates were made after a scrutiny of back-
ground details relevant to each scheme, and after discussions with 
officials of the instrumentality concerned. 
The costs on all schemes are classified as follows: 
(1) administration and management at the scheme level, (2) tapping equip-
ment and maintenance tools, (3) fertilisers, (4) yield stimulants, 
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(5) processing and marketing charges, (6) export duty and cesses, 
(7) land taxes and (8) unpaid family labour. These costs are set out 
for each scheme in Appendix F (Tables Fl to F20), The major items 
are discussed below. 
Administration and management. It is generally agreed that 
the administration and management at the scheme level will continue 
until the settlers' loans have been fully recovered. Except on three 
schemes in Perak the authorities concerned have already arranged that 
these loans will be repaid over a period of 15 years, starting from the 
commencement of tapping. The repayment of loan in the Perak schemes 
has been postponed until 1972. Up to now, the collection of monthly 
instalments has been satisfactory, the amount being automatically 
deducted from the value of latex or sheet sold through the central 
factories or G.P.Cs. Some complaints have been received from the 
settlers in times of very low prices but these have not persisted and it 
can reasonably be assumed that the bulk of the loans will be re-couped 
according to schedule. A detailed discussion on settlers' loans and 
repayments is given in 5.2 of this chapter. 
It is assumed that the current expenditure on administration 
and management will continue to be incurred on the F.L.D.A. schemes for 
the next 15 years. After this the only cost incurred will be that of 
staff needed to man the latex collection stations; this cost is included 
in the marketing charges explained later. It is also considered that 
the expenses will be incurred on State and Fringe schemes over the next 
15 years, but at a lower level because of the reduced work load for the 
field assistants. The expenditure has been estimated as two-thirds of 
that in the development period. 
Tapping, processing and maintenance. Physical inputs in 
tapping, collection, maintenance and processing were estimated on the 
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basis of survey data, which is also analysed in detail in Chapters 9 
and 10. The results pertinent to the discussion here are presented in 
Table 5.5, which shows the physical inputs of various tools and equip-
ment used in production and maintenance. 
The figures were computed on the basis of the quantities of 
a given item reported to be actually in use in a holding and its economic 
life. For example, if two tapping knives were reported in a 6-acre 
holding, each lasting 6 months, the physical input of this item was 0.67 
per acre per year. Where the economic lives are difficult to specify, 
as in the case of latex cups, cup hangers and spouts, the average yearly 
replacements are taken. In regard to more durable tools and equipment, 
standard periods have been fixed for calculating the yearly depreciated 
value. Thus a bicycle is assumed to last for ten years^ and a mainte-
nance tool for five years. These assumptions are largely in line with 
the periods, as reported in the survey, for which the items were utilised. 
On average, farms on the Fringe schemes used the most tapping 
equipment. They were followed by those on the State and F.L.D.A. 
schemes (Table 5,5). This pattern might well be ascribed to the more 
intensive tapping in the former types of holdings (examined in 10.2.1, 
Chapter 10). Another factor is that farms on the State and Fringe 
schemes have a higher density of tappable trees. 
The figures secured in the survey, of course, refer to the 
current initial tapping years only. For the analysis, it is necessary 
to estimate the inputs at later stages of tapping. An examination of 
4 
data collected from an earlier survey showed that the use of mainte-
nance tools appeared to be constant over the tapping years, classified 
4 
Rubber Research Institute of Malaya. Unpublished results of a 
smallholdings survey in 1968. 
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TABLE 5.5. PHYSICAL INPUTS OF TAPPING, MAINTENANCE AND PROCESSING 
(NO./ACRE/YEAR), AND THEIR 1971 PRICES ($/UNIT) 
I t e m 
S c h e m e Average 
price F.L.D.A. State Fringe 
Tapping 
Tapping knives 0.55 0.56 0.70 1.90 
S.stones, rough 0.23 0.35 0.30 1.10 
S.stones, smooth 0.36 0.38 0.46 1.00 
Head lamps 0.03 0.02 0.01 3.00 
Latex cups 9.22 11.25 13.20 6.50^ 
Cup hangers^ 10.43 13.02 16.93 4.80^ 
Spouts^ 14.08 19,33 19.00 1,80^ 
Buckets 0.44 0.27 0.25 1.90 
Scrap bags 0.31 0.39 0.59 0.80 
Cup scrapers 0.54 0.15 0.29 0.30 
Latex containers 0.09 0.14 0.20 8.50 
Kandar sticks 0.10 0.13 0.23 1.80 
Bicycles^ 0.04 0.05 0.04 130.00 
Bicycle tyres 0.42 0.56 0.90 3.50 
Bicycle tubes 0.51 0.57 0.38 1.50 
Maintenance*^ 
Sprayer pump 0.02 0.03 0.02 88.00 
Changkol 0.25 0.26 0.23 3.80 
Parang 0.06 0.14 0.20 3.50 
Rakes 0.01 - - 0.80 
Axe 0.01 0.01 0.01 5.30 
Sickle 0.01 0.01 - 3.80 
Fork - - 0.01 5.50 
Saw 0.01 0.12 0.02 3.60 
g Processing 
Sieves - 0.26 0.17 3.10 
Gauze - 0.64 0.54 0.80 
Stirrers - 0.32 0.33 0.30 
Stencils - 0.24 0.31 0.35 
Coagulation pans — 2.58 2.36 0.48 
per 100 units. 
'The quantities for these items refer to average yearly replacements, 
^Depreciated over ten years. 
^Depreciated over five years. 
'Pertinent to the first five years of tapping only. 
in blocks of ten years each. In the case of tapping equipment, however, 
a trend was apparent. The use of items such as tapping knives and 
sharpening stones tended to increase with rising age (Table G5.1), pro-
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bably due to a larger tree girth and more intensive tapping in later 
years. The use of latex containers and buckets increased first and 
then declined; this pattern is broadly in line with the trend in 
yield discussed earlier. A few items, for example cup hangers and 
spouts, had a use which was related to the density of trees and which 
declined consistently with rising age. 
In estimating the tapping and collection material costs, 
the physical inputs secured from the settlers' survey are treated as 
relevant to the first ten years of tapping. Costs in the subsequent 
years are deduced from the relationships between inputs in the earlier 
and later years; these relationships are those found in the previous 
survey mentioned (Table G5 .1 ) . 
For maintenance equipment, the data from the settlers' survey 
are applied to the whole tapping cycle, since this input does not 
appear to vary over time. 
The physical quantities derived in this manner are then valued 
at current market prices to give the expected costs. The prices (Table 
5 .5 ) were average retail quotations secured from five dealers in estate 
supplies in Kuala Lumpur and Negeri Sembilan in the early part of 1971. 
The resultant costs per acre are presented in Table 5 .6 . Thus for L.B.J, 
the equipment costs for tapping and collection and maintenance work out 
at $13.4 per acre per year ($11.9 plus $1 .5 ) over the first ten years. 
The planted area of this scheme is 820 acres, giving a total cost of 
$11,000 (Appendix F, Table F4). The figures exhibit a great variation 
in costs between types of scheme, especially in regard to tapping 
equipment. 
Cost of fertilisers. The manuring programme recommended by 
the R.R.I.M. for mature rubber in tapping has been closely adhered to by 
TABLE 5.6. 
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COSTS OF TOOLS AND EQUIPMENT FOR TAPPING, MAINTENANCE AND 
PROCESSING ($/ACRE/YEAR) 
Scheme 
Tapping and collection 
equipment Maintenance 
tools^ 
Processing 
equipment^ Below 10 
years 
11-20 
years 
21-30 
years 
F.L.D.A. 
Tenang 10.2 10.8 10.3 2.4 -
Percha 14.0 15 .0 14.2 1.6 -
Serampang 15.0 16.6 15.4 4.1 -
L.B.J. 11.9 12.5 12.0 1,5 -
Awah 14.2 16.3 15.0 3.4 -
Gedangsa 13.9 15.0 14.1 2.3 -
State 
Labu 18.2 19.5 18.6 2.4 -
Panchang 10.5 11,5 10.6 3,2 -
Gerbang 16.6 18.0 16.8 4.1 2.3 
Menderang 17.8 19.1 18.1 2.6 2.0 
Dua 11.4 12.4 11.5 1.9 2.1 
Pepuyu 17.1 18.6 17.4 3.8 4.2 
Fringe 
Timbol 12.6 15.0 13.1 2.4 -
Gentam 17.7 19.4 17.9 2.6 -
Beranang 19.1 20.8 19.5 3.4 1.9 
Beting 17.1 19.9 17.6 5.3 2.2 
Purun 21.7 22.7 21.9 4.2 -
Rambutan 20.4 21.4 19.0 5.8 1.7 
Halt 21.1 23.6 21.6 5.7 2.6 
Sahom 13.9 15.8 14.1 5.7 2.1 
Assume constant over the whole tapping period. 
This cost, excluding acid, is relevant for the first five years of 
tapping only, after which the crop from the schemes concerned being 
sold as latex (see text in Chapter 4). 
all types of scheme, and this is likely to continue in future. The 
cost of fertilisers can therefore be readily estimated according to 
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the prevailing density of trees and the recommended rates of 
fertiliser application. 
The 30 ft X 9 ft planting system was adopted on the F.L.D.A. 
schemes, giving a theoretical number of 161 trees per acre. The actual 
planted stand was lower than this, however, due to terracing and to the 
damaging of plants which were not fully replaced by the contractors. As 
a consequence of this, the initial planted stand was reported to be 
around 150. The number has been further reduced by wind damage, pests 
and diseases, and stunted growth. A census conducted by the F.L.D.A. at 
the commencement of tapping showed that the tappable stand then was in 
the region of 120-130 trees per acre. The density in Gedangsa was 
exceptionally low, about 100-110 trees per acre, as a result of severe 
wind damage experienced in that locality. The stand in this scheme has 
been further reduced recently to an average of about 100 trees per acre 
now. The losses in other areas have been quite normal, averaging about 
one tree per acre per year. 
The areas under the State and Fringe schemes were planted with 
a comparatively higher initial stand of 160-170 trees per acre. The 
intended stand of 181 trees was never achieved in practice for the reasons 
stated in the above paragraph. The settlers surveyed in early 1971 
reported that current stands ranged from 140-150 trees per acre. 
For mature rubber in tapping, annual applications of fertilisers 
at a rate of 2 lb per tree during wintering are recommended, commencing 
immediately after the trees are brought into tapping. This manuring 
programme should be continued until about four or five years before the 
trees are deemed ready to be cut down and replanted. The rate is 
usually reduced to one lb per tree after tapping out the bark of first 
renewal. This of course is only a general recommendation, and variation 
can be expected to occur. Some soil types like the Rengam series may 
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demand a relatively higher fertiliser input, for example. Also, the 
use of ethrel in boosting the yield will certainly necessitate a bigger 
dose of fertiliser input than is currently recommended. 
The economic use of fertiliser in mature rubber requires a 
specific knowledge of the requirements of nutrients in a particular 
area, so that discriminating application can be made. This knowledge 
can only be obtained from an analysis of the soil and leaf nutrient 
status. The R.R.I.M. suggested in 1967 that while awaiting this 
analysis a yearly application of fertiliser should be made at the rate 
of one pound of sulphate of ammonia and six ounces of muriate of potash 
per tree on areas which have received regular inputs (including phosphate) 
during their development period and which have no serious wind damage 
problem.^ This programme could continue for up to three years over the 
initial period of tapping. At the moment, the price of sulphate of 
ammonia is $210 per metric ton while that of muriate of potash is $239 
per metric ton. 
These interim recommendations were followed in the schemes 
being investigated, pending an assessment by the R.R.I.M. of the soil 
nutrient status. The latter analysis has already been completed on the 
six F.L.D.A. schemes and on several State and Fringe schemes. On the 
basis of this analysis, mixture Mag 'j' has been specifically recommended 
in 1971 for use at a rate of two pounds per tree, instead of the commonly 
used 'CCM compound 33'. The Mag 'j' mixture costs $207 per metric ton, 
and is about $70 per ton cheaper than the CCM compound. 
While soil analysis has yet to be carried out on most of the 
State and Fringe schemes included in this study, the writer has been 
^Rubber Research Institute of Malaya, Planters' Bulletin, 'Economic Use 
of Fertiliser in Mature Rubber', No.93, November 1967, pp.300-306. 
150 
told that either mixture Mag 'j' or Mag 'Y' are most likely to be 
appropriate. The current price of Mag 'Y' is only marginally higher 
than that of Mag 'j'. In view of this the future cost of manuring, 
estimated on the basis of the current cost of $207 per metric ton of 
Mag 'J', is unlikely to deviate very much from what would be spent on 
the fertilisers (i.e. either Mag 'Y' or Mag 'j') recommended after 
nutrient status investigations. 
The time of fertiliser application varies depending on local 
conditions. The usual practice is to apply them once a year during 
the wintering period, but applications at half the rate at bi-yearly 
intervals are also common. The F.L.D.A. follows the latter approach 
with one application during the wintering period and the other in August 
or September, In general, this procedure is also followed in other 
schemes, 
The cost of fertilisers has been calculated at current prices 
to be $20-$30 per acre in the schemes studied, depending on the density 
of trees, year of tapping, and the application procedure being 
followed (1967-71 and 1971 onwards) (Appendix F, Tables Fl to F20) , 
Ethrel. Reference has already been made in the previous 
chapter to the use of yield stimulants. The three traditionally-used 
latex stimulants are Flomore, Stimulex, and Ready Rub. Since mid-1970, 
ethrel has been increasingly adopted as a result of the R.R.I.M. experi-
ments which show that, despite a relatively higher cost, economic yield 
response can be obtained from its application (Chapter 3, pp.86-88). 
The practice is to apply a mixture of ethrel and palm oil, 
with a flat paint brush, to approximately one and a half inch strips 
of lightly scraped bark below the tapping cut. The current market 
price of this chemical is $275 per one US gallon, weighing approximately 
10 lb. This, when mixed with 30 lb of palm oil, is adequate to treat 
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6,000 trees. On the basis of the R.R.I.M. recommendations (once every 
two months, or six times a year), the mixture could treat about 1,000 
trees per year. This works out at about 4.5 cents per tree per appli-
cation. A 'ready-to-use mixture' is now available on the market and 
is just as effective. 
The application of ethrel is assumed to commence at the 
fourteenth year of tapping on the schemes. By that time panel D will 
have been opened in most holdings, since the rate of bark consumption 
can be expected to be somewhat greater under smallholding conditions. 
It is assumed that the use of stimulant will continue until about five 
years before the end of the project life. The cost of the mixture of 
ethrel and palm oil has been worked out at $25-$35 per acre per year, 
depending on the number of trees and the stage of tapping. 
Processing and marketing charges. These are the charges from 
the RSS 1 price made by dealers for handling sheet rubber and scrap 
(processed by settlers themselves in the early years of tapping) and by 
M.R.D. for processing latex (Chapter 4, 4.1.2.). The charges cover 
services, ranging from collection and processing to final packing. 
Where the settlers make unsmoked sheet and sell it through 
the traditional marketing channel, the deduction from the relevant f.o.b. 
price is usually higher than that associated with smoked sheet and latex. 
Spot investigations reveal that the marketing margin between the average 
f.o.b. RSS 2/3 price, less duty and cesses, and the dealers' price for 
unsmoked sheet produced on the schemes, is 8-11 cents per lb. This is 
somewhat lower than the margin associated with unsmoked sheet produced by 
individual smallholders outside the schemes (Chapter 4, 4.1.2.), the 
difference being due to improved quality and bulk selling by settlers. 
An average marketing margin of 9 cents per lb is deemed 
reasonable in the present case. To this must be added an acid cost 
152 
arising from sheet making, which has been worked out at 0.75 cents per 
lb. The overall processing and marketing charge is thus taken as 10 
cents per lb. Insofar as scrap marketed through the dealers' chain is 
concerned, the marketing margin between thef.o.b. price of 2XTBC, after 
deducting duty and cesses, and that paid to smallholders has been found 
to vary between 8 and 14 cents per lb. As an approximation, an average 
of 11 cents per lb is considered reasonable for scrap produced on the 
State and Fringe schemes. 
Where settlers' latex and scrap are sold in their unprocessed 
forms, whether to the M.R.D. or to an estate agency, the marketing 
charges incurred are somewhat different. For every pound of latex 
purchased from both the State and Fringe schemes the M.R.D. is at 
present making a 6-cent deduction; this has to cover costs of collec-
tion, processing and other factory operations. The deduction for scrap 
is about 10 cents per lb. The prices from which these deductions are 
made are those for RSS 1 and RSS 3 or 2XTBC respectively. 
The latex from the F.L.D.A. schemes is currently sold to 
estate agencies, which make a marketing deduction of 4-4.5 cents per lb, 
depending on the locality. The deduction is lower because the F.L.D.A. 
is fully responsible for the assembly of latex, which involves recording 
the quantity of latex received from each settler, bulking and addition of 
anti-coagulant, and issuing receipts and making payment to settlers. In 
contrast, these services are provided by the M.R.D. through its agent 
located in each scheme; this agent is paid a commission of 1.5 cents 
per lb. In estimating the processing and marketing costs for the 
F.L.D.A. schemes, it is therefore considered reasonable to include the 
cost of assembling latex borne by the F.L.D.A. This has been worked 
out at 1-1.5 cents per lb. In view of this a standard cost of 6 cents 
per lb is applied to all latex. 
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The scrap from the F.L.D.A. schemes, except that from Tenang, 
is sent to a F.L.D.A. factory in Pahang where it is-processed into 
S.M.R. 10 or 20. A charge of 10 cents per lb is deducted from the 
RSS 3 price by this factory for transport and processing. 
Export duty and cesses. All types of rubber exported from 
West Malaysia are subject to export duty, a research cess and a replanting 
cess. The export duty has been an important source of revenue to the 
Federal Government. Its importance has been decreasing, however, since 
1960 because of falling rubber prices, from about 18 percent ($196 
million) of the total revenue in that year to 4 percent ($76 million) in 
1970.^ 
The export duty payable varies directly with the prevailing 
market prices, the actual amount being based on a price notified once 
a week in the Central Government Gazette. When the value of rubber as 
notified for the week does not exceed 60 cents a pound, the duty payable 
is based on a flat rate of 4 percent. When the gazetted price is 
between 61 and 80 cents a pound, the duty is calculated to the nearest 
l/8th of a cent according to the formula 0.18625P - 8.775 where P is 
the value of rubber as stated in the Gazette. The formula is 0,4P-
25.750 for the price zone 81-100 cents a pound. When the value of 
rubber exceeds 100 cents a pound, the export duty is calculated on the 
basis of 0.25X^ + 3 . 3 7 5 X + 14.250 where X is (P-100)/10. 
Before 1964 when the price exceeded 100 cents a pound an anti-
inflationary cess, calculated on the basis of 5X/2 where X is as speci-
fied above, was also imposed. In February, 1970 a surcharge was 
introduced. It is levied on each pound of rubber exported when the 
Malaysia, Monthly Statistical Bulletin of West Malaysia, Department of 
Statistics, Kuala Lumpur, January 1962 issue, pp.103 and 105 and 
September 1971 issue, pp.168 and 1971. 
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price exceeds 60 cents a pound, the rate being directly associated with 
the gazetted value of rubber.^ 
To enable a satisfactory replanting programme to be carried out, 
a replanting cess of 4.5 cents per lb has been levied since March 1952 
on rubber produced on both estates and smallholdings. This is a flat 
rate irrespective of the price level. The money collected from estates 
is deposited to 'Fund A' of the Rubber Replanting Board; it is eventually 
refunded to the estates and is therefore not a cost of production from 
the estate viewpoint. The amount attributable to smallholder production 
is channelled to 'Fund B' of the Board and is not refunded directly to 
the individual smallholders. These include the settlers on land deve-
lopment schem.es. However, when a smallholder replants his old rubber 
trees he is entitled to receive a grant, part of which comes from Fund B. 
The replanting grant has been fixed at a maximum rate of $800 per acre. 
Finally, a research cess is levied to raise funds for financing 
all aspects of natural rubber research under the direction of the Malayan 
Rubber Fund Board. Up to the end of 1964, a rate of 3/4 cent a pound was 
charged; it was raised to 7/8 cent a pound for the period January 1965-
May 1967. It was further revised in June 1967 to one cent a pound, and 
has remained at this level since then. The research cess also does not 
alter with the price level. 
The average f.o.b. RSS 1 prices in 1967-1970, the period for 
which the schemes studied were already in production, were, respectively, 
54.1, 53.1, 69.7 and 56.6 cents per lb. On the basis of the rates 
quoted above, the average export duty and cesses were 7~ cents a pound 
in both 1967 and 1968, 9% cents a pound in 1969 and 1\ cents a pound 
For details see the schedule for the surcharge (Exports of Rubber) 
Order, 1970 in His Majesty's Government Gazette, Tambahan No.21, 
Perundangan (A), 2nd February 1970. 
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in 1970. At the assumed price level of 50 cents per lb in 1971-1975, 
the export duty and cesses work out at 1\ cents a pound. For 1976-
1990 and beyond, when the assumed prices are 45 and 40 cents per lb, the 
export duty and cesses are 1\ and cents respectively. The total 
amount of duty and cesses for each year is calculated by multiplying 
the total yield by the rate per lb. 
Imputed cost of family labour. In order to provide a meaning-
ful measure of commercial profitability, the cost of unpaid family labour 
has been imputed. Estimates of the cost of unpaid settlers' labour 
during the development period on the Fringe schemes have already been 
made earlier (pp.134-135). This section is concerned with the labour 
input on tapping and collection, weeding, manuring, pest and disease 
control, and ethrel application. 
(a) Costs of tapping and collection labour. These costs are 
g 
computed on the basis of the 1968 Industrial Court Award. Under the 
terms of this agreement, a tapper is paid a basic wage of $3.10 per 
tapping day. In addition, he receives the following payments: (a) an 
incentive bonus for each pound by which the average daily poundage of 
dry rubber in latex exceeds 16 pounds in low yielding fields, and 22 
pounds in high yielding fields, the rate being directly dependent on 
the prevailing price of rubber, (b) four cents a pound of scrap (wet 
weight) brought in for the first four pounds, and 5 cents a pound there-
after, (c) a price bonus of 5, 10, 15 and 20 cents per tapping day, when 
the price of rubber is, respectively, within the price zones 50-55, 
55-60, 60-65 and 65-70 cents per pound. 
Q 
Malaysia, Industrial Court Cases Nos. 7 & 9 of 1967 between Malayan 
Agricultural Producers' Association and National Union of Planta-
tion Workers. Handed down on 23rd March, 1968, Kuala Lumpur, 
see especially pp.83-85. 
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Further, a tapper on a commercial estate is also entitled to 
some labour benefits. These include hospital and medical expenses, 
maternity allowance, employers' liability and workmen's compensation, 
education and welfare, sanitation, creche expenses, labour lines, sick 
leave pay, holiday pay, E.P.F. and bonuses. The cost of providing 
these fringe benefits has been worked out at 44-87 cents per tapper per 
tapping day, depending on the size of estate and on whether it is owned 
Q 
by Asian or European interests. 
Table 5,7 shows the overall costs of tapping, computed for a 
task size of 500 trees tapped on S/2.d/2 100% system, for different price 
zones and yield levels (assuming 20 percent s c r a p ) , W h i l e the tapping 
cost per pound decreases with the yield level, it is not significantly 
influenced by the price within the range 40-55 cents per lb. For the 
price zone ^^0-45 cents, tapping cost declines from 19,5 cents per lb on 
an area yielding 800 lb per acre to 9.4 cents on an area yielding 2,500 
lb. The corresponding figures are 19.7 and 10.5 cents per lb when the 
price rises to 50-55 cents range. 
The average tapping costs for the price zones 40-45 and 45-50 
(the levels assumed in this study), and for intervals between the two 
nearest yield levels, are also given in Table 5,7. For ease of compu-
tation, these figures are used to estimate the tapping costs on the 
different land development schemes, 
(b) Cost of maintenance labour. This item covers the im.puted 
cost of settlers' labour engaged in weeding (predominantly) and in pest 
9 
Rubber Research Institute of Malaya, Guide to Estate Management, Econo-
mics and Planning Division Report No . 7 , June 1970, p.58, Tab jg 9._ 
^^Practical formulae for the computation of tapping cost, too lengthy to 
be presented here, can be found in T.Y. Pee and T.C. P"ng, 'Economics 
of Tapping Systems', Planters' Bulletin of the Rubber Research 
Institute of Malaya, No,107, November 1970, pp.324-337, and in Guide 
to Estate Management, Ibid., Appendix I, pp,88-91. 
TABLE 5,7. 
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COMMERCIAL TAPPING COSTS^ (CENTS/LB): BY PRICE ZONE AND 
YIELD LEVEL (WITH 20% SCRAP) ON S/2.d/2 100% SYSTEM FOR 
A TASK SIZE OF 500 TREES 
Yield, 
lb 
Price zone 
Average for 
40-50 40-45 45-50 50-55 
800 19.5 19.5 19.7 18,5 
900 17,5 17.5 17.7 16.7 
1000 15.9 15.9 16.1 15.4 
1100 14.9 14.9 15.2 14.5 
1200 14.1 14.2 14.5 13.8 
1300 13.4 13.6 13.9 13.1 
1400 12.8 13.0 13.4 12.6 
1500 12.3 12.6 12.9 11.4 
2000 10.5 10.9 11.4 10.0 
2500 9.4 9.9 10.5 
Computed on the basis of the current wage agreement between the 
Malayan Agricultural Producers' Association and the National Union 
of Plantation Workers (refer to footnote 8, p.155). 
and disease control. Information on these and other labour inputs has 
been secured from the settlers' survey discussed in 10.2,1., Chapter 10). 
It is interesting to find that maintenance labour differed little between 
different types of scheme: it averaged 0,49, 0.56 and 0.53 mandays per 
acre per month on F.L.D.A., State and Fringe schemes respectively (Table 
10.8). These are more than double the inputs observed in a 1967 survey 
of smallholdings farmed by the Malays. 
The overall average input for the three types of scheme is 
0,52 mandays per acre per month (Table 10.8), or 6.2 mandays per acre 
per year of 12 months. The latter figure may be high, since the 
settlers cannot be expected to work consistently over the year (e.g. 
sm.allholders usually do not maintain their holdings during the fasting 
month). There is also the fact that the input secured relates to the 
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first two years of tapping when the trees require relatively more care 
than in subsequent years. For the purpose of this study it is thought 
that a reasonable input from the first to the fifteenth year of tapping 
is about three-quarters of the estimated level, i.e. 4.5 inandays per acre 
per year. The input is assumed to drop by about one-third after the 
fifteenth year of tapping. In valuation the going wage rate of $3 per 
manday is used. It is also not thought worthwhile in practice to 
assume different labour requirements on different types of scheme. 
(c) Cost of manuring labour. The settlers' survey revealed 
that the manuring labour input ranged from 0.36-0.48 manday per acre per 
year (0.03-0.04 manday per acre per month as shown in Table 10.8). This 
would cost $1.1-$1.4 at the going wage rate of $3 per manday. It is, 
however, considered more appropriate here to use the normal input on 
estates, since this is likely to be a more accurate estimate. For 
m.anuring, a worker can easily cover three acres in one day, giving a 
labour cost of $1 per acre per application at the going wage rate. It 
is again considered better to apply the same manuring labour cost on all 
schemes. 
(d) Labour cost of ethrel application. It was net possible 
to investigate the labour input on ethrel application on smallholdings, 
since the technique was introduced only recently. Because of this the 
estimate of labour input is based on the estate experience, which shows 
that a worker can handle about 100 trees a day; the work involves 
scraping a one and a half inch strip of bark below the tapping cut of 
each tree and applying the chemical. At this rate of work the labour 
cost would be about 3 cents per tree per application. At six rounds a 
year the total labour cost of applying ethrel works out at $18-$24 per 
acre per year, depending on the planting density. 
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5.1.3. The Total Commercial Costs 
The total commercial costs for each year over the whole period 
of analysis, listed under six major headings, are set out in Appendix F, 
Tables F1-F20. The costs over the development period are the total 
historical annual expenditures, as shown in the accounts for the indivi-
dual schemes, whilst the future production costs are estim.ated for the 
period 1969-1998; the production costs are obtained by multiplying the 
estimated cost per acre outlined in 5.1.2. above by the total planted 
acreage of each scheme. The total cost streams presented in the 
Appendix tables are those expected to be incurred in earning the expected 
mean revenue. The costs associated to the revenue plus or minus one 
standard deviation deviate a little from the expected mean values^ 
because the export duty and cesses, marketing charges and com.mercial 
tapping costs vary directly with production. Thus there are three 
estimates of total costs for each year, the mean costs, and the costs 
associated with yields plus or minus one standard deviation away from 
the expected mean yield. To save space, the two limits of costs are 
not presented. 
Allowance for inflation. It should be pointed out that the 
costs in Appendix F are cash outflows at 1971 prices, the past series 
(i.e. historical development costs) having been converted to the 1971 
price base. Again, the latter price has been used in the estimates 
of all future production costs. 
Up to now Malaysia has not faced any serious problems of 
inflation, thanks to the government's firm policy of maintaining a stable 
100 percent backed currency system.^^ One indication of the relatively 
A discussion on this topic is given in the following articles: G.M. 
Watson and Sir Sydney Caine, Report on the Establishment of aCentral 
Bank in Malaya (Kuala Lumpur: Government Printers, 1956); P.W. Sher-
wood, 'The Watson-Caine Report on the Establishment of a Central Bank 
in Malaya', Malayan Economic Review, Vol. II, No.l, April 1957 (cont'd) 
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stable economy is the trend of retail prices, which have increased by 
12 
only 8 percent since 1955, i.e. about 0.6 percent per year. Between 
1960 and 1968, increases in retail price indices (base year 1959) ranged 
from 0.8 for 'clothing' to 9,8 for 'food', not including 'sundries' which 
rose by 12.6 points during the same period. The fact that the exchange 
rate of the former Malayan dollar remained fixed at 2s 4d British Sterling 
to the dollar from 1906 until the devaluation of Sterling in November 
1967 is another evidence of the stable economy. Since then the new par 
rate has been approximately one Malaysian dollar to £0,326 Sterling, and 
the Malayan currency issued by the Board of Commissioners of Currency, 
Malaya and British Borneo has been converted to Malaysian dollars at the 
rate of Malayan $1 to Malaysian $0,8571. The Central Bank of Malaysia 
started issuing Malaysian notes and coins on June 12, 1967. 
Finally, Malaysia has a large stock of external reserves, 
totalling $2,595 million at the end of 1970. The amount was sufficient 
to finance about nine months' retained imports at that year's price. 
The reserves, which have continued to increase, consist of official gold 
and foreign exchange reserves, including Malaysia's share of the foreign 
assets of the Currency Board mentioned above. Unlike most countries where 
reserves are held by central bank, the reserves in Malaysia are scattered 13 among official bodies and monetary institutions. 
pp.23-34; S,Y, Lee, 'The Development of Commercial Banking in 
Singapore and the States of Malaya', Malayan Economic Review, Vol,XI, 
No,l, April, 1966, pp,84-100; and P.J. Drake, The Developing Capital 
Market in Malaya. Ph.D. Thesis, The Australian National University, 
Canberra, 1966, Chapters III, IV and VII. 
12 Malaysia, Department of Statistics, Kuala Lumpur, 1970. 
13 
For detailed discussion on this subject, and on whether it is a wise 
policy to keep such a large stock of-reserves, see W.M. Corden, 
'The Malayan Balance of Payments Problem' in T.H. Silcock and E.K. 
Fisk (eds.) The Political Economy of Independent Malaya (Canberra: 
The Australian National University Press, 1963), pp.112-130, 
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As an approximatiorij, it is assumed that domestic prices 
inflated at a rate of one percent per annum between 1959 and 1970, the 
period in which development expenditures were incurred. All past cash 
flows, expressed in current prices in the accounts, have been converted 
to the 1971 price base by applying an inflation factor (1.01)^, to each 
year in 1959-1970 where t is equal to 1, 2, ... up to 12, counting 
backwards from 1970. 
The cash outflows in Appendix F do not include expenditures on 
infrastructure and housing on the F.L.D.A. schemes, where the settlers 
live in standardised houses in centrally sited villages. Since these 
expenditures will be considered from the social viewpoint only, the 
relevant details are dealt with in Chapter 8. 
5.2 THE SETTLERS' CASH OUTFLOWS 
So far, the cash outflows have been examined from the commer-
cial point of view. Clearly not all the costs detailed above are rele-
vant to the individual settlers. For example, certain expenses have 
been treated as outright grants and are not required to be paid back to 
the authorities concerned. To a settler only the recoverable loans 
incurred during the development period, including interest thereon, and 
his operating cash expenses during the production period are of direct 
relevance. 
Most of the operating cash expenses during the production 
period, as assessed from the commercial viewpoint (Appendix F), are 
relevant to the individual settlers. These cost estimates can be used 
directly as they are without any further adjustment. The loans and 
interest pertaining to the development period are now investigated. 
Since there is a difference in the administrative treatment of develop-
ment expenditures on the F.L.D.A. ^  State and Fringe schem.es, the cash 
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outflows from the settlers' viewpoint are dealt with separately for 
each type of scheme« 
5.2.1. Settlers' Loans and Interest on the F.L.D.A. Schemes 
The expenditures on F.L.D.A. schemes may be classified under 
four major headings: (a) administration and management at the scheme 
level, (b) infrastructure, (c) settlers' housing and (d) establishment 
and maintenance of rubber area. Of these, (b) was provided as part of 
the overall rural development programme by the Central Governjiient. The 
total outlays were borne by the related Ministries and Departments, and 
are therefore not costs to the settlers. The money used in defraying 
other items came from, the F.L.D.A.'s Land Development Fund, but not all 
the money spent from this Fund is recoverable from the settlers. In so 
far as an expense is non-recoverable, it is not a cost to the settlers. 
The position is now elaborated. 
Up to June, 1964, all finance from the Land Development Fund 
was treated as recoverable loans to settlers. The policy was changed 
following a Directive, under Section 4 of the Land Development Ordinance 
14 
(1962), by the then Minister of Rural Development, As a consequence, 
the Land Development Fund was divided into two separate accounts - the 
Loan Expenditure Account and the Administrative Expenditure Account, 
The expenditure charged to the latter has since been treated as grants 
to settlers in that it is non-recoverable. This sum, which usually 
accounts for 12-15 percent of the overall cost of each project, is 
financed from an annual subvention from the Federal Treasury. It 
covers all expenses classified under administration and management at 
the scheme level, including those incurred at the head office. The 
14 Federal Land Development Authority, Annual Report and Accounts: 
Twelve Months to 30th June, 1962, Kuala Lumpur, 
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above administrative arrangement has thus reduced considerably settlers' 
indebtedness to the Authority. 
The Loan Expenditure Account includes expenditure on settlers' 
housing and all direct outlays on the initial establishment and mainte-
nance of rubber (all items listed in Table 5.1 except administration and 
management). The cost of these items, including 6% percent compound 
interest, is recoverable from the settlers over 15 years, commencing from 
the time of production. The settlers began to face this cost only when 
they first started to make the monthly loan repayments, comprising both 
principal and interest thereon. 
Repayment of loan. Individual 'settler loan accounts' have 
been prepared by the F.L.D.A. for each scheme, setting out in detail 
the amounts of monthly repayment expected of each individual settler. 
The total amount currently being deducted from settlers' income has been 
arrived at on the basis of an average total expenditure per settler, 
which is split into (a) cost of development per acre of rubber land 
including personal and subsistence loans, (b) cost of development of 
house lot and house, (c) State elements - land premium, quit rent and 
survey fees - paid to the State Governments and (d) operating cost during 
initial tapping. The 6% percent compound interest is charged on items 
(a) and (b) only. 
The individual settler loan accounts are usually not ready 
until one to two years after commencement of tapping. In the present 
case, for example, the trees were opened in September/October 1968 but 
the accounts were finalised towards the end of 1969. In the meantime, 
interim collections were made for the whole of 1969, in order to ensure 
a steady flow of loan repayments. The collection of fixed equal monthly 
instalments commenced in 1970 for the next 14 years. 
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The interim loan deduction was initially based on settlers' 
recorded earnings. Effective from August 1969, each individual was 
required to make a temporarily fixed monthly payment, which differed 
somewhat from settler to settler according to such factors as the size 
of holding, settlers' ability to repay, yield level, price of rubber, 
and years of tapping.^^ This procedure is still followed on schemes 
newly coming into production. Special consideration is given in 
cases where, for example, the unproductive swampland is substantial and 
where the tappable stand is less than 73 trees per acre. 
The total loans recoverable from the settlers, plus the com-
pound interest thereon and the amounts of yearly repayment, are summarised 
in Table 5.8. The amount for each scheme, not including 'State elements', 
ranges from $2,148,800 (Gedangsa) to $2,721,700 (Serampang). Per settler, 
the total cost works out at $21,000-$24,000, over one half of which is 
interest. The only exception here is Gedangsa which had received an 
interest-free newplanting grant of $273,600. 
The yearly amount a settler has to repay is deducted automa-
tically from his monthly income over a payback period of 14 years, 
starting in January 1970. The repayment started one year earlier on 
Hutan Percha. On average, a settler repays $136-$158 per month. 
5.2.2. Settlers' Loans and Interest on the State Schemes 
The rubber areas under the State schemes were established with 
partial financial assistance only. Funding was derived from three main 
sources: (a) Loan Fund with money principally from the Federal Govern-
ment, (b) State Fund with money coming from the State revenue and (c) 
subsidies from the Rubber Industry Replanting Board (Fund B). 
Details of the rates per acre are set out in Federal Land Development 
Authority, Finance Circular No.2/69: Interim Loan Repayment System, 
Kuala Lumpur, 28 July 1969. 
TABLE 5,8. SETTLERS' TOTAL COSTS INCURRED OVER THE DEVELOPMENT PERIOD AND TOTAL YEARLY REPAYMENT 
($'000) ON THE F.L.D.A. SCHEMES 
Scheme No. of settlers 
Recoverable loan 
Interim 
payment 
d Yearly repayment 
• • -I a Principal b Interest Total 
Development 
cost 
State 
elements® Others^ 
Total/ 
settler 
Tenang 117 1268.1 1322.9 2591.0 223.6 169.1 6,3 24.6 1.71 
Percha 99 1112.8 1160.3 2273,1 56.1 147 .8 8,8 23,2 1.82 
Serampang 116 1341.3 1380.4 2721.7 180.7 181,5 11.7 26.1 1,89 
L.B.J. 116 1161.9 1216.1 2378,0 188,4 156.4 10,2 23.6 1,64 
Gedangsa 113 1337,6 811.2 2148.8 67.0 148,7 13.0 22,4 1.63 
Awah 124 1288.4 1378.4 2666.8 104.8 183.0 10.0 24.1 1.75 
Costs of development up to maturity, including housing (discussed in Chapter 8), which are recoverable 
^ from settlers, 
Compound interest at percent per annum on money from the F.L.D.A,'s Land Development Fund, 
Up to December 31. 1969 for all schemes except Hutan Percha where the interim payment was up to 
J December 31, 1968. 
For 14 years starting from January 1970, except Hutan Percha where the repayment is spread over 15 
years starting from January 1969. 
^Survey fees, premium and quit rent. 
Monthly subscriptions to various activities on the schemes. 
a^  
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The money for initial establishment came from the Loan Fund, 
and was used to defray the following items: felling and clearing, 
terracing, lining, holing, planting, fencing, drainage, establishment 
and maintenance of covers, tools and chemicals, internal roads and 
survey fees. The subsidies from the Replanting Board were also used 
to finance these initial planting operations. The State Fund was 
largely used to finance the construction of stores, approach roads, 
internal roads and the inspection and purchase of chemicals and tools. 
The establishment of rubber seedlings, including their maintenance up 
to six months, was contracted out. Settlers were taken in after this 
period and each given an identifiable holding, but supplies of ferti-
lisers and other chemicals were continued until maturity. 
The subsidies, which are not recoverable, made up a big propor-
tion, over 30 percent of total expenses (Table 5.9). The settlers' 
costs also include interest at a five percent simple rate on the total 
loan as at the sixth year of development. The amount of simple interest 
is added each year until the commencement of tapping, after which com-
pound interest is charged on outstanding loans. The period of repay-
ment has been fixed at 15 years in Negeri Sembilan and 10 years in Perak. 
The interest component in the total recoverable cost is much smaller on 
the State than on the F.L.D.A. schemes. The settler repays $190-$690 
per year, which is about one-third of that paid by his counterpart on 
the F.L.D.A, schemes. 
5.2.3. Settlers' Loans and Interest on the Fringe Schemes 
The rubber on the Fringe schemes was established with even 
less financial assistance, with money coming from the Loan Fund, State 
Fund (mentioned earlier) and the Federal Treasury. The latter provided 
a non-recoverable grant, which was earmarked for expenditure on planting 
TABLE 5.9. SETTLERS' TOTAL COSTS INCURRED OVER THE DEVELOPMENT PERIOD AND TOTAL YEARLY REPAYMENT (t'000> 
ON THE STATE AND FRINGE SCHEMES 
Scheme No. of settlers 
Total a expenses Subsidy'^ 
Recoverable loan Yearly rep,j.yn!e!)f 
Principal Int erest'' Total Total Amount/ set rler 
State 
Labu 149 1246.9 362.4 884.5 653.3 1537.8 102.5 0.69 
Panchang 84 609.0 212.4 396.6 276.5 673.1 45.2 0.54 
Dua 50 333.0 120.0 213.0 141.8 354.8 23.7 0.4 7 
Menderang 88 392.2 240.0 152.2 69.1 221.3 19.7 0.22 
Gerbang 95 343.1 201.6 141.5 68.5 210.0 18.3 0.19 
Pepuyu 69 362.4 192.0 170.4 83.0 253.4 22.1 0.32 
Fringe 
Timbol 58 98.5 20.7 77.8 52.3 130.1 8.7 0.15 
Gentam 38 51.0 13.9 37.1 18.5 55.6 4.0 0.11 
Beranang 59 66.8 18.4 48.4 29.9 78.3 5.2 0.09 
Beting 72 106.7 38.8 67.9 43.5 111.4 7.4 0.10 
Purun 141 369.1 60.1 309.0 207.7 516.7 34.4 0.24 
Rambutan 115 168.6 36.2 132.4 74.4 206.8 20.7 0.18 
Halt 42 101.5 24.4 77.1 43.4 120.5 12.0 0.29 
Sahom 57 110.8 22.0 88.8 48.1 136.9 13.7 0.24 
Expenses incurred by the State Governments, not including administration and management costs, plus survey 
^ fees, premium and quit rent. 
From the Rubber Industry Replanting Board (Fund B) and Federal Treasury. 
At five percent simple interest from the sixth year onward until commencement of loan repayment at the 
ninth or tenth year of planting, and at a compound rate thereafter for the next 15 years for schemes 
in Negeri Sembilan and ten years for schemes in Perak. 
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material, budgrafting, establishment and maintenance of cover crops 
and fertilisers. The amount accounted for about one-quarter of the 
total cost of development, thus reducing settlers' indebtedness to the 
State Government. 
The interest on the recoverable loan is calculated on the same 
basis as that applied to the State schemes. The yearly repayment works 
out at $90-$290 per settler - a tiny sum compared with the amount paid 
by settlers on the F.L.D.A. schemes. 
5.2.4- Total Settlers' Costs 
In addition to the monthly instalments of loan repayment, the 
settlers also incur other cash expenses. These are the same as those 
production costs already considered from the commercial viewpoint, 
excepting the costs of administration and management and of family 
labour (Appendix F). 
It should be pointed out that instead of incurring any cash 
outflows during the development period, the settlers working on the 
F.L.D.A. and State schemes received both wages and subsistence allowance. 
From the settlers' viewpoint, this revenue is real income earned while 
being 'employed' on the schemes. In the final evaluation in Chapter 9 
the effect of this revenue on performance will be examined. The revenue 
is also expressed in 1971 terms, using the same factors as those applied 
to the development costs described earlier (p.161). 
1.69 
CHAPTER 6 
COSTS OF DEVELOPMENT AND PRODUCTION: 
THE SOCIAL VIEWPOINT 
This chapter deals with costs from the point of view of 
Malaysian society as a whole. In contrast to enumeration and valua-
tion from the commercial and settlers' viewpoints, the procedure 
involved in the derivation of social costs is not straightforward, and 
is therefore set out separately. 
Central to the whole thesis is the idea that market prices 
employed in Chapter 5 do not fully reflect the value of goods and 
services to the economy, and that the cost or benefit of a particular 
good must be re-valued in terms of its scarcity. Little and Mirrlees 
have expounded a practical way of estimating the social price of an 
input or output.^ The approach is adopted here. It first involves 
splitting each item into expenditures on materials, taxes and factor 
incomes (wages, salaries and profits). These components are then re-
valued in terms of their cost to society. 
I.M.D. Little and J.A, Mirrlees, Manual of Industrial Project Analysis 
in Developing Countries, Volume II: Social Cost Benefit Analysis. 
(Paris: Development Centre of Organisation for Economic Co-operation 
and Development, 1968). The theoretical discussion in this chapter 
is based mainly on this book. A preliminary account on the applica-
tion of Little/Mirrlees method for project evaluation in agriculture 
can be found in I.M.D. Little, 'Symposium on project Appraisal in 
Lesser Developed Countries: Nuffield College Research on Project 
Analysis in Agriculture', Journal of Agricultural Economics, Vol. 
XXII, No.3, September, 1971, pp.267-276. The Manual has generated 
a great deal of discussion. At the time of writing more views and 
arguments of both proponents and opponents were published in eight 
articles presented at the 'Symposium on the Little-Mirrlees Manual of 
Industrial Project Analysis in Developing Countries', Bulletin, 
Oxford University Institute of Economics and Statistics, Vol.34, 
No.l, February, 1972. 
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6.1 THE INAPPROPRIATENESS OF MARKET PRICE 
The competitive model. Difficulties arise in social valua-
tion because of the breakdown in a real economy of the theoretical 
2 
competitive model of profit maximization. The basic rule of this 
economising model states that in order to attain an efficient alloca-
tion of scarce resources, marginal revenue must equal or exceed marginal 
costs. The required marginal conditions are achieved through 'consumer 
sovereignty' : market prices serve as perfect guides of production and 
lead ultimately to a state of competitive equilibrium. 
In reality the price mechanism fails to work properly in 
society's interest in that market prices, as determined by technical 
conditions of production and consumers' preferences, rarely reflect the 
real costs or benefits, in terms of scarcity of resources, to the 
economy as a whole. The lack of correspondence between market prices 
and social costs or benefits arises because some of the underlying 
assumptions of the competitive model are violated. The model assumes, 
inter alia, that resources in an economy are completely mobile and 
fully employed. This is equivalent to saying that the resources are 
scarce in relation to the demand for them. Under these circumstances, 
the employment by a firm, of a resource to the value of one dollar will 
result in the loss of one dollar worth of benefit elsewhere in the 
economy. The loss of a benefit is of course a cost to society. 
In many countries, especially in less-developed ones, near-
full employment is far from being achieved. Thus in so far as a factor 
2 
A detailed exposition of the competitive model may be found in T. 
Scitovsky, Welfare and Competition: The Economics of a Fully 
Employed Economy. (London: George Allen and Unwin, 1952), pp.3-188. 
For a clear and concise account see J.V. Krutilla and 0. Eckstein, 
Multiple Purpose River Development: Studies in Applied Economic 
Analysis. (Baltimore: The John Hopkins Press, 1958), pp.17-41. 
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should be diverted from least uses employment which results in 
minimal or zero return)3 the social cost of employing one extra man 
will not be reflected by his wage, unless the existing unemployment 
and underemployment can reasonably be assumed to be voluntary (i.e. 
leisure is valued at least as much as prevailing wages). The surplus 
of labour arising from unemployment and underemployment is the most 
important aspect associated with 'price distortion' as far as the 
present study is concerned. The social cost of labour, including 
indirect labour entering into all cost items, is considered at length 
in the next section. 
Another important assumption is that a consumer or producer 
is the 'price taker' who exerts no influence on prices of goods and 
services he buys or sells. He regards prices as given and merely aims 
at maximizing his satisfaction or profit. For this situation to hold 
true the competing sellers, each with a homogeneous offer, must have 
perfect knowledge of the market, and their number must be sufficiently 
large, so that each seller's turnover is too small to have any influence 
on the price. Similarly, there must be many expert buyers in the 
product market. These conditions of 'perfect competition' are abrogated 
in most markets in a real economy. One obvious example is that the 
market behaviour of most individuals is usually influenced by such 
factors as habit, inertia, purchasing power, advertising and the repu-
tation of a seller or buyer. The ability of the F.L.D.A. to buy fer-
tilisers at a relatively cheaper rate than most other buyers is a case 
in point. 
That market prices cannot be taken as a reflection of social 
costs or benefits can also be ascribed to the existence of direct and 
indirect taxes. The tax component of a cost item is a transfer pay-
ment and obvious ly not a cost to society. Thus the perfectly compe-
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titive model assumes an economy which has no foreign trade. The 
moment this condition is relaxed, the free market price is susceptible 
to distortion by such factors as export taxes, import quotas and tariffs. 
It should, however, be noted that these measures are sometimes deli-
berately designed to make the price mechanism operate to the advantage 
of society. 
Where inflation exists, prices (measured in domestic currency 
units) and especially those of imported goods and services, tend to 
underestimate the real cost to the economy. The demand for foreign goods 
increases, since their prices are low relative to those of domestic goods. 
This situation will continue unless the domestic currency is devalued or 
the government concerned resorts to the restriction of imports. 
Reference has already been made in the previous chapter (pp.159-161) to 
the extent of error arising from inflation in West Malaysia. 
In social valuation there is also the problem associated with 
the inequality of income distribution, in that a dollar's worth of a 
good consumed by a rich man and a poor man cannot be reckoned as equally 
beneficial to society. There is, however, nothing one can do about 
this in practical project evaluation except to take the view that the 
existing tax machinery will ensure a more equal distribution of income 
among individuals. The problem does not arise in a competitive economy, 
since income distribution is assumed to be ideal. 
Connected with the distribution of income between individuals 
is the distribution of income through time: the weighting of consumption 
at different time periods, quite apart from changes in the value of 
money. The problem arises because a sacrifice in current consumption 
(i.e. savings which are invested) results in extra future consumption. 
To society an extra dollar of consumption now may or may not be worth 
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the same as an extra dollar of savings. Its viewpoint may well deviate 
from that of private individuals in regard to the relative importance 
of present and future consumption. This is one of the basic problems 
of economics, a comprehensive treatment of which is outside the sphere 
of this study, b ut further reference to it will be made in conjunction 
with the social evaluation in Chapter 8. 
Finally, it should be mentioned that the price mechanism fails 
to operate as it would be expected to do in a fully competitive model 
where the activities of a firm lead to external economies or diseconomies. 
In these circumstances, the social costs and social benefits will have 
no correspondence to the actual costs and benefits of the firm. Indis-
criminate use of actual prices in this case will inevitably result in 
inappropriate assessment and subsequent misallocation of resources. 
Shadow-pricing. In evaluating the worth of a project from 
the point of view of society, 'shadow prices' therefore have to be used. 
These are synthetic substitutes for market prices, designed to evaluate 
goods and services so as to reflect their real cost and benefits to 
society. Market prices are re-valued, through shadow-pricing, in terms 
of a standard yardstick of reference, just as money wages are converted 
to real wages in terms of goods and services. 
Little and Mirrlees argue that foreign exchange is especially 
scarce in developing countries and is a good standard with which market 
prices expressed in domestic currency can be compared. Everything apart 
it is a convenient yardstick of reference. The idea is to express all 
domestic prices in terms of their equivalent in world prices. When 
the price of a commodity is converted to its foreign exchange value, the 
resultant figure will reflect the full cost or return to society, since 
it measures the country's losses or gains as a result of using or 
exporting it. The value of the commodity in terms of foreign exchange 
1 7 4 
remains unchanged, irrespective of its uses and the sources from which 
it is obtained. Measuring the costs of all inputs in this manner also 
eliminates discrepancies between the values of inputs arising from such 
factors as taxes, varying market prices and so on. 
Little and Mirrlees employ the term 'accounting price' to 
denote the social value of all inputs and outputs, except that of labour, 
The social value of labour is referred to as the 'shadow wage rate', in 
order to emphasize the special nature of this accounting price. The 
term shadow price is used in respect of all types of inputs, including 
labour, in this chapter. 
Every pound of rubber exported from West Malaysia fetches an 
amount of foreign exchange equivalent to its f.o.b, price. Thus the 
f.o.b. price of rubber is a correct measure of its value to society. 
Although Malaysia is the chief producer of natural rubber and accounts 
for a substantial part of total world production, it has no control 
over the price of the commodity, which is determined in the free inter-
national markets of Singapore, London and New York. The 'price-taker' 
assumption of the perfectly competitive model is not abrogated in this 
case, for the elasticity of demand for Malaysian exports is high. Of 
course the great expansion in the synthetic rubber industry has also 
increased the elasticity of demand for natural as a whole. 
The value of rubber produced from land development schemes 
has already been determined in Chapter 4, using assumed f.o.b, prices. 
The concern here is to shadow-price the costs of the different types of 
inputs on the land development schemes. To do this it is necessary to 
identify the component parts of cost items, since the components have 
different foreign exchange implications. Some items like the wages of 
labour and the salaries of clerical staff are homogeneous enough to be 
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taken as a whole. But most others are composite items whose consti-
tuent parts need to be segregated before the estimation of their value 
in terms of shadow price. 
So far as the present study is concerned, the most important 
cost component is labour^ which enters into almost everything. The cost 
of using this input is^ of course, referred to as wages. Material and 
tax elements (import duties and direct and indirect taxes) are two other 
important components of expenditure. The rem.aining components, if any, 
are salaries of skilled personnel and clerical staff and profits. After 
these five constituent parts - wages, salaries, profits, costs of 
material and taxes - are isolated for each item, the respective values 
of each group are aggregated and assessed in terms of foreign exchange. 
Taxes are transfer payments and are therefore ignored in 
social valuation. The omission of this component also ensures that a 
particular project is not penalised or favoured just because it uses 
more or less heavily-taxed inputs, or inputs which are being taxed 
differently elsewhere in the economy, The difference among rates of 
quit rent and land premium is a case in point. 
The actual money costs of wages, salaries and profits deviate 
from the values they would have if viewed from the standpoint of society. 
The conversion of these amounts to shadow price terms is explained later 
in the chapter. The gist of the approach is that allowances are made 
for the excess of actual wages over the shadow wage rate, for savings 
(investment) out of salaries, and for that part of profit which is 
retained for further investment, payment of interest, depreciation and 
taxes. 
Material cost items are first classified into either 'traded 
goods', if they enter international trade, or 'non-traded goods' if 
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they do not. Traded goods are valued at their c.i.f. (cost, insurance, 
freight) prices, i.e. the costs at the port which is generally used for 
customs purposes. For non-traded goods^ the c.i.f. price equivalent is 
used. Usually a non-traded item (e.g. the marketing margin) may be 
broken down into traded and non-traded goods, the latter being further 
divided until most imported or exported elements embodied in them are 
ident ified. 
6.2 DECOMPOSITION OF EXPENDITURE ITEMS 
The procedure outlined above would be simple if all inputs 
were available in physical terms. For a given major physical item, 
one can segregate the indirect labour component and find out whether the 
material component is a traded good. If it is, one can also discover 
its tax component and the additional cost or trade margin involved in 
bringing it from the port to the final users. The trade margin is, of 
course^a non-traded good consisting of items such as transport costs, 
handling charges and marketing services, including profit, rendered by 
agents and dealers. In most cases the c.i.f. value of an imported 
good can be obtained. If this is not available, it can be approximated 
by deducting the trade margin as defined from the reported domestic 
price. If the good is not tradable but a close substitute for an 
imported good, its social cost may be estimated according to the ratio 
of the world price of its substitute to the local price of the substitute 
The great majority of inputs during the development period of 
a scheme are available only in money terms, being actual expenses paid 
out to the contractors. Some refer to very specific items such as 
manuring and wages and there is little problem in identifying their 
constituent parts. But there are other cost items which cannot be 
readily split without a detailed examination of the expenses incurred. 
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The cost of establishment is one such in this study. There are also 
expenses which are not clearly specified (for example, sundry items), 
but since these are usually non-traded and constitute an insignificant 
part of the total costs of a project, they may be dealt with very crudely 
in a manner to be explained. 
The inputs for the production period are estimates based on 
surveys and on commercial experience (Chapter 5). Most of these figures 
are available in physical terms. Thus in the preparation of manuring 
cost, the amounts of fertilisers in a given situation are first deter-
mined in terms of pounds per tree or per acre and are then multiplied 
by their market prices (c.i.f. value plus trade margin), while the cost 
of application is estimated separately. 
6.2.1. Cost Components of Trade Margin and Unspecified Traded and Non-
traded Goods 
As already indicated certain expenses over the development 
period can only be divided into proportions attributable to traded and 
non-traded goods; there is insufficient knowledge for constituent 
parts to be segregated for re-valuation. The manner in which the 
unspecified traded and non-traded goods are split is now examined. 
The composition of the trade margin is first investigated. The dis-
cussion is largely based on estate accounts and interviews with five 
dealers in estate supplies referred to earlier. 
Trade margin. Data on trade margins for equipment and 
materials used on estates are difficult to obtain. The dealers gave 
the impression that an overall margin of 7-15 percent of the market 
price was common. Of this a great portion was labour. One dealer 
reported a total trade margin of $200 for a particular consignment 
valued at approximately $1,600; this works out at 12 percent of the 
market value. He attempted to split the margin as follows: more than 
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one-third as handling charges from the port to the estates, about 10 
percent as taxes (both direct and indirect) and about one-quarter as 
costs such as maintenance and depreciation of vehicles, petrol, 
materialsj insurance etc. (most of these are probably foreign exchange 
costs). The remaining part^ which was not mentioned, was presumably 
profit, 
Most other dealers considered the above splits for the trade 
margin as reasonable. In the circumstances the following proportions 
are used: 40 percent wages, 30 percent foreign exchange cost, 20 per-
cent profit and 10 percent taxes (Table 6.1). 
TABLE 6.1. COST COMPONENTS OF TRADE MARGIN AND UNSPECIFIED TRADED 
AND NON-TRADED GOODS 
Proport ion of cost component (7o) 
Cost component Unspecified Unspecified non-traded Trade margin traded good good 
Wage 4 70 40 
Salary 0 5 0 
Profit 2 15 20 
Foreign exchange cost 90 10 30 
Tax 4 0 10 
Total 100 100 100 
Unspecified tra_ded goods. The value of unspecified traded 
goods comprises the trade margin, the c.i.f. cost of materials, and 
import duties. The trade margin on such goods is assumed to be 10 
percent, this being the 'average' quoted by the dealers; this propor-
tion was also found for tapping equipment and maintenance tools. A 
scrutiny of rates of import duties indicates that most materials and 
equipment used on estates are not taxed, and that where a particular 
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item is taxed, the percentage is very low. On the basis of this 
evidence a rate of 3 percent is considered reasonable. The remaining 
87 percent of the value of unspecified traded goods is therefore treated 
as the c.i.f. cost of materials. 
In Table 6.1 the cost components of unspecified traded goods 
are those secured after allowing for the components of their assumed 
10 percent trade margins. Thus the 4 percent wages and 2 percent 
profits are derived from the trade margins; the remaining com.ponents 
(30 percent foreign exchange costs and 10 percent taxes) take into 
account both the trade margins and the other components of unspecified 
traded goods as outlined above. 
Unspecified non-traded goods. The split for these goods is 
even less clearcut. However, an analysis of the estate accounts indi-
cates that the great majority of these items would be wages of indirect 
labour. It is considered that a proportion of 70 percent is likely. 
The remaining proportions are taken as 15 percent profits, 10 percent 
foreign exchange costs and 5 percent salaries (Table 6.1). 
6.2.2. The Classification of Cost Items 
As a first step, the cost items summarised in Appendix F are 
classified as (a) direct w a g e s , (b) direct salaries inclusive of 
allowances and other benefits, (c) itemised costs of materials and 
equipment, (d) itemised costs of services and others, (e) aggregate 
costs for which itemised details are not fully available from the 
accounts, and (f) taxes. The taxes include the following transfer 
payments: prem.ium, quit rent, and export duty and cesses on rubber. 
These will be supplemented by the tax component embodied in other 
2 
Malaysia, Trade Classification and Customs Tariff, 1969 (Kuala 
Lumpur: The Governjnent Printers, 1969). 
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expenditure items, such as that in respect of unspecified traded goods 
and the trade margin. Similarly, the wages and salaries under (a) and 
(b) will be combined with the wage and salary components of other items. 
The costs of items classified under (c) and (d) are clearly 
specified and may be split fairly easily. This is not so with the 
aggregate cost item in (e) for which a further breakdown is necessary^ 
since it refers to a 'lump sum' of expenses. The only major cost in 
this case is that of initial establishment, which has to be broken down 
into specific items before identifying the constituent parts for each 
item. The classification of the different cost items is investigated 
below. 
The split of cost items into components is based largely on 
an analysis of accounts and information obtained from traders of the 
products concerned. In some instances (e.g. transport)^ the split is 
4 
inferred from the Inter-Industry Account for 1965, the latest available. 
Unless stated otherwise^ the proportions presented in Table 6.1 are used 
to split the unspecified traded goods, unspecified non-traded goods and 
trade margin. 
Costs of establishment. Since these items are of major 
importance in the overall evaluation of the project (Tables 5.1 and 5.2), 
considerable effort was spent on obtaining measures of the proportions 
of labour and materials into which the total costs (as recorded in the 
accounts) would be split. The accounts of nine schemes, for which 
comprehensive itemised costs are available, were analysed to obtain the 
expenditure on nursery, felling and clearing, terracing, lining, holing 
and filling, establishment and maintenance of cover crop, planting. 
^Malaysia, West Malaysia Inter-Industry Accounts 1965., Department of 
Statistics, Kuala Lumpur, 
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budgrafting, supply and pruning, and 'others' (Table 6.2). The 
analysis from these accounts of other items under the establishment 
heading (manuring, drainage, agricultural roads, survey, tools, chemicals 
and transport) are dealt with under the appropriate headings below. 
TABLE 6.2. DETAILED BREAKDOWN OF COSTS OF ESTABLISHMENT ($/ACRE) 
a I t e m F.L.D.A. State 
(3) 
Fringe 
(4) 
Proportion 
of labour 
cost'^ 
(70 
Proportion 
of mate-
rial cost*^ 
(7o) 
Nursery 10.0 - - 74 26 
Felling and clearing 164.8 198.5 134.0 75 25 
Terracing 29.6 78.3 70.0 40 60 
Lining 7.5 7.0 6.5 91 9 
Holing and filling 11.1 25.1 18.0 90 10 
Cover establishment 40.0 37.0 32.6 43 57 
Planting 22.7 26.0 31.4 38 62 
Budgrafting 47 .0 25.7 18.2 76 24 
Supply and pruning 30.0 8.6 - 92 8 
Others 5.3 12.1 8.4 50 50 
Total costs:*^ 384.1 418.3 319.1 - -
Labour (%) 69 64 61 - -
Traded material (%) 22 28 33 - -
Non-traded material {%) 9 8 6 - -
Excluding items for which separate figures are available, e.g. manuring, 
^ drainage and agricultural road. 
Number of schemes from which the average costs were computed. 
Based on detailed analysis of 12 estate accounts except the proportions 
^ for terracing and 'others' which are inferred. 
Most materials are not specified in the accounts, the split between 
'traded' and 'non-traded' being based partly on information on 
specified material costs and partly on evidence gleaned from the 
estate accounts. 
Labour cost is predominant in the expenditure on the 
operations detailed above. It amounts to 69, 64 and 61 percent res-
pectively of the total expenditures on the F.L.D.A., State and Fringe 
schemes (Table 6.2). The remaining material costs are mainly those of 
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traded goods as defined earlier. The indirect labour component in 
these operations was not recorded in the scheme accounts, and its esti-
mation is based on an analysis of the accounts of 12 estates which 
carried out newplanting operations in 1957-69 in Selangor, Negeri 
Sembilan and Malacca.^ In these estate accounts, each item is shown 
split into labour and material costs incurred in a month or in a year. 
Most materials are specified, while few others are not. Where the 
materials are known, it is quite easy to classify them either as traded 
or non-traded goods; in cases where the materials used are unspecified, 
the classification is based on commercial experience. The latter approach 
is necessarily rough but the error involved is unlikely to be great as to 
distort the overall analysis. 
Manuring;. The analysis of estate accounts shows that the cost 
of fertiliser (excluding labour) increases consistently with rising age, 
from 75 percent of total manuring expenditure in the first year of 
planting to 98 percent in the eighth year. These proportions are used, 
when separate labour and material costs are not available, to split the 
manuring expenditure incurred during the development period. The material 
and labour inputs for the exploitation period have been estimated 
separately (pp.146 and 158). The cost of labour is classified under 
wages, while that of fertiliser is further split into c.i.f. cost, taxes 
and trade margin explained below. 
The principal fertilisers used during the development period 
were R.R.I.M. mixtures ' C2', 'M' and 'X'. In order to value these inputs 
their market prices, together with import duty, turnover tax, agents' 
These accounts were obtained by the Rubber Research Institute of Malaya 
in 1966/67 in conjunction with a replanting study. The latter 
appeared in Ng Choong Sooi, Economic Aspects of Replanting on Rubber 
Estates, Rubber Research Institute of Malaya, Economic Report No.9, 
December 1971. 
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fees and other charges, have been examined.^ The average market price 
in 1970/71 of mixtures ' C2\ 'm' and 'X' was found to vary between $162 
and $197 per ton. The different kinds of taxes payable were as follows. 
The import duty on chemicals or mineral fertilisers was $10 per ton in 
1958-67, and $50 per ton after 1968. The turnover tax was ^^  percent in 
1965-66 (this tax was not imposed before this period) and 2 percent in 
1967-70; the tax was replaced by a 4 percent surcharge in 1971. In 
shadow pricing, both the import duty and the turnover tax/surcharge are 
subtracted from the market prices of fertilisers. 
Other costs incurred in bringing the fertilisers from the port 
to the users (i.e. the trade margin) include landing charges, local 
margin, agents' fees and transport. In this exercise a rate of $10 per 
ton is considered a reasonable landing charge. It is considered that 
the local margin has been falling since the late fifties: 12 percent in 
1958-60, through 10 percent in 1961-66, to 5 percent after 1966. To 
these should be added, approximately, a 2 percent agents' commission 
and a 4 percent transport charge to give the full amount of trade margin. 
Except for the agents' commission, which is treated as salary here, the 
remaining trade margin is split into wages, salaries, profits, taxes and 
foreign exchange cost. 
After deducting the various tax elements and trade margin, the 
balance is the c.i.f. cost of fertiliser, or its value in terms of foreign 
exchange. The amount has been estimated at 70-77 percent of the actual 
market value before 1967, and 60 percent thereafter, the drop being due 
to a higher import duty. 
^The data quoted in this and the next paragraphs were largely secured 
from I.C.I. (Malaysia) Sdn. Berhad, Kuala Lumpur 1971. 
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In the preparation of fertiliser requirements for 1971 and 
beyond, both the physical quantities and c.i.f, prices are known, and 
the split can be obtained directly without much difficulty. In this 
case the estimated foreign exchange cost of fertilisers in 1971 and 
beyond alone works out at 69 percent of the market value. 
Tools and chemicals. Weedicides and pesticides account for 
the greater part of these costs incurred over the development period, 
the balance being expenditure on basic working tools and tapping equip-
ment. Full details are not available but it is not too far out to 
split the amount between 70 percent traded goods, 28 percent non-traded 
goods (both are unspecified), and 2 percent transport charges. These 
proportions are roughly in line with estimates prepared by the F.L.D.A. 
Agricultural road. The estate accounts show that this cost 
item, may be split as follows: 68 percent labour and 32 percent m.aterial. 
The latter proportion is considered low for areas in the schemes studied, 
where relatively more machine hours were said to have been employed 
because of the terrain and jungle land. A knowledge of this would 
require an investigation into the costs and tractor hours involved in 
the construction of roads, which was not thought necessary in view of 
the relatively small importance of this item. The expenditure on 
agricultural road is therefore split in the middle, treating 80 percent 
of the material as unspecified traded goods. 
Pest and disease control. This small item is split according 
to estate data into 89 percent labour and 11 percent material, the bulk 
of the latter being unspecified traded goods. 
Management and survey. These consist wholly of staff 
salaries, allowances and related items. The amounts are therefore 
homogeneous enough to be regarded as 'salary' without further split 
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except an allowance for taxation. The tax component of this factor 
income is dealt with separately at a later stage. 
Ethrel. Currently there is no import duty on this chemical. 
The traders are naturally reluctant to indicate the trade margin on this 
chemical, which is the latest and most promising rubber yield stimulant. 
The impression is that this may be as high as 25 percent now, comprising 
a large proportion of profit, and that it is likely to decline in the 
future as the ethylene stimulation technique gains wider commercial 
acceptance. Bearing the latter in mind, it is assumed that the trade 
margin forms 15 percent of the market cost of ethrel. 
Tapping equipment and maintenance tools. It is estimated 
that the imported materials (i.e. traded goods) falling under this 
heading account for more than four-fifths of the total cost of tapping 
equipment and maintenance tools. Some are subject to import duties, 
principally in the range 5-10 percent, while most others are not.^ As 
an approximation, 5 percent is deducted as the tax element from the cost 
of imported materials, the balance being split between 90 percent c.i.f. 
cost and 10 percent trade m a r g i n . The latter is based on information 
secured from the dealers. 
Processing and marketing charges. About half of these charges 
are wages on unskilled labour. The remainder are material costs (mostly 
traded), transport cost and staff salaries, including indirect labour. 
It is assumed here that taxes take up 2 percent, wages and salaries 5 
percent severally, and that the balance is the c.i.f. cost of material. 
Transport charges. These, whether in the form of direct 
expenditure or derived indirectly from other inputs, are divided as 
follows: 25 percent w a g e s , 20 percent profit, 10 percent taxes and 45 
percent foreign exchange costs. 
^Malaysia, Trade Classification and Customs Tariff, 1969, op.cit. 
186 
Group processing centres and collection stations. This cost 
item is small and relatively unimportant, but since detailed breakdown 
of construction costs are obtainable^ more accurate splits are made 
(Table 6.3). The trade margin on mangles is about one-fifth of the 
amount, the balance being the c.i.f, cost equivalent. The cost of 
processing equipment is split in the manner already outlined above. 
The cost of building material is estimated to be 60 percent traded and 
40 percent non-traded, 
TABLE 6.3. TOTAL COSTS OF ESTABLISHING GROUP PROCESSING CENTRES AND 
LATEX COLLECTION STATIONS 
I t e m 
Group processing 
centre Collect ing Stat ion 
(8)3 (2) 
i 7o total i 7o total 
Building materials 8,677 34.0 3,507^ 70.1 
Mangles 9,530 37.3 - -
Processing equipment 4,906 19.2 - -
Labour 2,300^ 9.0 1,431 28.6 
Transport 137 0.5 65 1.3 
Total 25,550 100 5,003 100 
^Figures in brackets denote number of centres or collecting centres. 
Includes latex containers and other minor equipment. 
"^ Not including unpaid smallholders' labour. 
Sources: (a) Rubber Research Institute of Malaya, Kuala Lumpur, 1971 
(b) Malaysian Rubber Development Corporation, Kuala Lumpur, 
1971. 
6.2.3. The Standard Conversion Factor 
There are some items for which details are not available. 
Since these are usually small sundry expenses on materials, a cruder 
method may be employed. Little and Mirrlees have suggested the use 
of a standard conversion factor to convert actual prices into shadow 
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prices in 'all unimportant and doubtful cases',® This factor is a 
crude average of the shadow-price/actual-price ratio, which measures 
the extent to which the actual prices are overstating or understating 
the social cost - i.e. the extent to which domestic prices of goods and 
services differ from their world prices under conditions of free trade. 
In a social cost-benefit study of an oil-palm estate in West 
Malays ia, Little and Tipping assum.ed a standard conversion factor of 
0.9 (i.e. domestic prices are about 10 percent higher than world export 
9 
prices). They came to this conclusion after considering past import 
and export duties. To clarify this point the annual totals of import 
and export duties, expressed as a proportion of total imports and 
exports, and segregated according to major items, have been computed 
for 1964-70 (Tables G6.1 and G6.2). These show that while the import 
duties averaged 13.2 percent over the years mentioned, the export duties 
averaged 6,7 percent. There has been very little fluctuation about 
these average values. Just over half the export duties were derived 
from tin and tin-in-ore and over one-third were from rubber. Import 
duties were mainly on consumer goods - beverages and tobacco (38.5 per-
cent of total), crude materials (16.2 percent) and food (10.6 percent). 
The current pattern of import duties and export duties is likely to 
remain in the future. 
Both import and export duties tend to reduce the value of 
imports and exports; balance of payments equilibrium is obtained by 
g 
Little and Mirrlees, op.cit.^ p.152. 
^I.M.D. Little and D.G. Tipping, A Social Cost-Benefit Analysis of the 
Kulai Oil Palm Estate. West Malaysia, mimeograph, Nuffield College, 
Oxford, July 1970. This study is part of the Nuffield College's 
research efforts aimed at exploring the shadow-pricing methodology. 
Another study along this line has just been published after the 
completion of this thesis (see N.H. Stern, An Appraisal of Tea Pr_o_-
duction on Sm.all Holdings in Kenya, Development Centre of the 
Organisation for Economic Co-operation and Development, Paris: Series 
on Cost-Benefit Analysis, Case Study No.2, 1972). 
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a rise in the domestic prices in the case of imports, and a fall in the 
case of exports. Little and Tipping argue that a cut in import duties 
would not lead to a greater proportionate increase in imports, and that 
it is even less likely that a reduction in export duties (e.g. rubber 
and palm oil) would result in a substantial rise in exports because it 
is believed that the demand for Malaysian exports is highly elastic. 
It seems that, for the economy as a whole, the standard con-
version factor chosen by Little and Tipping is a reasonable compromise. 
The factor is therefore adopted in this study. 
6.2.4. Aggregating Cost Components 
The procedure of breaking down actual costs in the manner 
detailed above is necessarily cumbersome. 'Aggregate factors' have 
therefore been worked out so that each item can be directly split into 
wages, salaries, profits, foreign exchange costs and taxes. 
As an example, the derivation of the various aggregate factors 
for splitting the costs of establishment (on F.L.D.A. schemes) and of 
tapping equipment is demonstrated in Table 6.4. The two items are 
initially split into wages (from direct labour only), the c.i.f. cost 
of materials (or traded and non-traded goods if the materials are not 
specified), trade margins and direct taxes. Next, the costs of materials 
and trade margin are split into their final constituent parts, and the 
separate parts of each component are then totalled to yield the aggregate 
factors. Thus every dollar spent on the establishment of F.L.D.A. 
schemes is finally reduced to $0.7618 wages, $0.0045 salaries, $0.0179 
profits, $0.2070 foreign exchange costs and $0.0088 taxes (Table 6.4). 
Aggregate factors used for segregating other cost items have 
been similarly derived. They are summarised in Table 6.5. Each factor 
now reflects the aggregate proportion of a particular cost component 
1 . 8 9 
TABLE 6.4. COST COMPONENTS OF ONE DOLLAR ON THE ESTABLISHMENT OF F.L.D.A. 
SCHEMES AND OF ONE DOLLAR ON TAPPING EQUIPMENT: AN EXAMPLE 
SHOWING THE DERIVATION OF AGGREGATE FACTORS USED IN SPLITTING 
VARIOUS ITEMS 
Cost component of $1 
I t e m 
Wage Salary Profit Foreign exchange Tax 
Establishment cost of $1 
(F.L.D.A, 
(1) 69% wage ($0.6900) 0.6900 
(2) ITL traded goods ($0.2200): 
(a) 4% wage - $0.0088 
(b) TL profit - $ 0 . 0 0 4 4 
(c) 907o c.i.f. cost of 
materials - $0.1980 
(d) 4% tax - $0.0088 
0.0088 
0 . 0 0 4 4 
0.1980 
0,0088 
(3) 9% non-traded goods 
($0.0900): 
(a) 7 0 7 o wage - $ 0 . 0 6 3 0 
(b) 57c salary - $ 0 . 0 0 4 5 
(c) 157o profit - $0.0135 
(d) 107= c.i.f. cost of 
materials - $0.0090 
0.0630 
0.0045 
0.0135 
0.0090 
(4) Aggregate factor 0.7618 0,0045 0.0179 0.2070 0.0088 
Tapping equipm.ent cost of $1^ 
(1) 57= tax ($0.0500) 0.0500 
(2) 907o (of after-tax value) 
c.i.f. cost ($0.8550) 0.8550 
(3) 107= (of after-tax value) 
trade margin ($0.0950): 
(a) 407= wage - $0.0380 
(b) 207= profit - $0.0190 
(c) 307= c.i.f. cost of 
material - $0.0285 
(d) 107= tax - $0.0095 
0.0380 
0.0190 
0.0285 
0.0095 — 
(4) Aggregate factor 0.0380 0 0.0190 0.8835 0.0595 
^Proportions of labour, traded and non-traded good 
, cost components are based on Table 6.1. 
Based on 'tapping equipment and maintenance tools 
s are from Table 6.2; 
' in text and Table 6>1. 
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constituted directly or indirectly in an item. In the subsequent 
analysis, therefore, the fragmented constituents of a given cost compo-
nent, say wages, are evaluated on the same basis from the social view-
point, irrespective of whether they enter directly (e.g. wages paid to 
labourers) or indirectly (e.g. wages embodied in fertilisers) in the 
production process. 
TABLE 6.5. AGGREGATE FACTORS USED IN SPLITTING COST ITEMS 
Cost components 
I t e m 
Wage Salary Profit Foreign exchange Tax 
Management 0 1.0000 0 0 0 
Establishment: F.L.D.A. 
State 
Fringe 
0.7618 
0.7072 
0.6652 
0.0045 
0.0040 
0.0030 
0.0179 
0.0176 
0.0156 
0.2070 
0.2600 
0.3030 
0.0088 
0.0112 
0.0132 
Manuring: 1st year 
2nd year 
3rd year 
4th year 
5th year 
6th year 
7th year 
8th year 
9th year and after 
0.0740 
0.0748 
0.0740 
0.06.32 
0.0624 
0.0624 
0.0504 
0.0504 
0.0488 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0400 
0.0404 
0,0400 
0.0346 
0.0342 
0.03^2 
0.0282 
0.0282 
0.0274 
0.7860 
0.7826 
0.7860 
0.8119 
0.8103 
0.8103 
0.7983 
0.6143 
0.7321 
0.0800 
0.0822 
0.0800 
0.07 03 
0.0731 
0.0731 
0.1031 
0.2871 
0.1717 
Pests and diseases 0.8944 0 0.0022 0.0990 0.0044 
Agricultural road 0.5860 0.0050 0.0230 0.3700 0.0160 
Transport 0.2500 0 0.2000 0.4500 0.1000 
Tools and chemicals 0.2290 0.0140 0.0600 0.6670 0.0300 
Survey 0 1.0000 0 0 0 
G.P.C./collecting station 0.3256 0.0118 0.0398 0.6055 0.0173 
Tapping equipment 0.0380 0 0.0190 0.8835 0.0595 
Maintenance equipment 0.0380 0 0.0190 0.8835 0.0595 
Ethrel 0.0600 0 0.0300 0.8950 0.0150 
Tapping labour 1.0000 0 0 0 0 
Maintenance labour 1.0000 0 0 0 0 
Marketing charges 0.5250 0.0250 0 0.4400 0.0100 
Shadow price factor 0.263 0.900 0.740 1.000 0 
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The shadow prices of the cost components (to be dealt with 
in the next section) are also shown in Table 6.5. A complete example 
showing the breakdown of expenditures and the evaluation in social 
terms of the resultant cost components is presented in Table G6.3. 
6.3 SHADOW-PRICING COST COMPONENTS 
When every cost item has been reduced, in the manner outlined 
above, to wages, salaries, profits, foreign exchange costs and taxes, 
the resultant components are totalled for further processing. On the 
one side, taxes, as pointed out before, have zero value in shadow-
price terms and are, therefore, left out entirely. On the other side, 
the total of foreign exchange component can be taken to reflect the cost 
to society without further adjustment, since it is valued at world or 
c.i.f. price. 
The totals of wages, salaries and profits do not, however, 
fully measure the social costs of using the inputs concerned. Their 
shadow prices are therefore examined in this section. 
6.3.1. Wages of Labour 
Cost of utilizing extra labour. Unemployment,^^ more 
accurately described as underemployment, has always been a problem in 
all sectors of the West Malaysian economy. A number of surveys con-
ducted by the Department of Statistics showed that, between 1962-67, 
unemployment as a proportion of the total labour force increased from 
4.6 percent to 7.3 percent in the urban area, and from 3.4 percent to 
Lim Chong Yah opines that unemployment as it is understood in the 
Western countries does not exist outside the 'wage sector' because 
of the prevalence of under-employment or disguised unemployment. 
See Lim Chong Yah, Economic Development of Modern Malaga. (Kuala 
Lumpur: Oxford University Press, 1967), p.218. 
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5.0 percent in the rural sector.^^ The problem, especially in the 
rural sector, would certainly be more serious than indicated if persons 
classified as 'own-account worker' or 'unpaid family worker' were not 
included as 'employed' in the surveys. The question of underemployment 
will be elaborated below. 
In the circumstances J prevailing wages cannot be taken in total 
12 
as a cost to society. Little and Mirrlees explain that employing a 
man usually results in (1) a consequent loss of marginal productivity (m), 
and (2) a new, higher consumption level (c). Since it is likely that 
the entire wage is consumed (i.e. not used for investment) the amount of 
this wage, measured at world prices, represents a cost to society. This 
is true, they argue, for otherwise the wage paid to the extra man would 
have been available for re-investment generating consumption at a future 
date. They also point out that the social cost of extra consumption 
(c-m) which results should be weighed against the benefit for those now 
consuming more. The latter is, of course, pertinent to government's 
objective in a developing country of raising the standard of living. 
Of this increase, one part goes to those remaining in the existing area 
since the consumption of excess labour is likely to be greater than its 
marginal product, and the other part is consumed by the person employed. 
The social cost of utilizing labour is, therefore, measured by 
the resultant new consumption level (c), with an allowance to reflect the 
value arising from the extra commitment (c-m) to current consumption. 
Malaysia, various reports by the Department of Statistics: (a) R^ort 
on Employment, Unemployment and Underemployment, 1962, (b) Rep.orj:—QJl 
Employment and Unemployment in Metropolitan Towns. 1964. (c) R.ej)_ort_ 
on Employment and Unemployment in Metropolitan Towns, 1965, and (d) 
Socio-Economic Sample Survey of Households - Malaysia 1967/68. 
12 Little and Mirrlees, o2..£it. , pp.157-159. 
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Little and Mirrlees have derived a useful formula for the practical 
13 evaluation of shadow wage rate (SWR): 
SWR = c - -^(c-m) b 
where S is the value of savings (investment) relative to consumption, 
and c and m as defined earlier. It is clear from the formula that, 
the greater the value attached to saving, as compared to current con-
sumption, the higher the SWR, and vice versa. 
While it seems plausible to assume that, in m.ost developing 
countries, consumption and saving are not equally desirable, it is 
difficult to say in practice how much more valuable is investment. The 
issue is highly subjective. But the extent to which the extra consump-
tion is costed is very much related to the government's objective and 
the state of the economy. If it is assumed that the government would 
like to have more investment, as is generally considered in developing 
economies, a greater part or the whole of the increased consumption 
would be treated as a cost. This is in effect connected with a choice 
of discount rate very much lower than the prevailing market rates of 
interest. 
If, however, the government reckons that more current consump-
tion would be good for society, in the sense of attaining a higher 
standard of living now, the extra consumption would not be treated as a 
cost. It is quite obvious that every developing country would like to 
accelerate its rate of economic development, and as such would value 
investment more than consumption, unless its government is able to 
increase savings through taxation and other measures. 
Little and Tipping are of the view that it is reasonable to 
treat savings and consumption as of equal value in the case of Malaysia, 
^^Ibid., pp.166-167. 
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but they consider it 'untypical' of developing countries. Their 
opinion is based on the following grounds: (a) the current savings and 
investment are already high, (b) the Malaysian government has never faced 
any serious problems of raising revenue through taxation, and this is 
likely to remain so in the future, and (c) although some investment is 
socially profitable, there are political and social (i.e. non-financial) 
limitations to this kind of investment. The last point is especially 
relevant in the face of the government's new economic policy of re-
structuring the multi-racial society (Chapter 1). 
It is a well-known fact that Malaysia's economy has been 
growing rapidly since Independence in 1957, except in 1969 when the 
May 13 racial riots resulted in a sag in investment. Under the First 
Malaysia Plan (1966-70) the GNP expanded by 6.5 percent per annum, almost 
1 percent more than the expected rate of growth.^^ During this period, 
savings as a proportion of GNP fluctuated between 17 and 20 percent, 
while gross investment was only 2-3 percent lower. In addition, as 
mentioned before, there are adequate and increasing foreign exchange 
reserves, only a small proportion of which have ever been made use of. 
In the private sector, investment has registered a remarkable 
growth. Between 1966 and 1970 gross private investment expenditure 
totalled $5,051 million, growing at an annual average rate of 9.6 percent 
The rate of growth was 6.3 percent between 1966 and 1968, and although it 
declined by 4.9 percent in 1969 it shot up to 32.9 percent in 1970. The 
rate of growth in the public sector has generally been slower, but this 
will certainly be accelerated under the new economic policy. 
14 Little and Tipping, op^ cit. 
^^entral Bank of Malaysia, Annual Report and Statement of Accounts,  
1970, Kuala Lumpur, 1971 (see especially p.67, Table 30). 
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As stated in Chapter 1, the new economic policy aims at 
eradicating poverty, unemployment and the economic imbalance between 
the races. It puts special emphasis on the modernisation of rural 
life and on the economic and social improvement of the Malays, so that 
national unity can be strengthened by alleviating the economic imbalances. 
This means that some kinds of investment may be politically and socially 
undesirable, however profitable they may appear to be from the economic 
viewpoint, in the context of the government's objective. More invest-
ments other than those benefiting the Malays more than the non-Malays 
(e.g. the large-scale alienation of land to the Chinese in unsubsidised 
schemes) would not be a good thing. It is also apparent that the kinds 
of productive investment that would be most encouraged are projects in 
rural areas, principally for rubber and oil palm, and cottage and small-
scale industries. Everything aside, investment in these projects is 
likely to be highly profitable socially. Also, agricultural products, 
especially rubber, will continue to be Malaysia's major earners of 
foreign exchange. 
But even if the government would like to have a higher rate of 
investment, it may not achieve all its targets mainly because of a 
shortage of personnel. For example, the expenditure allocated under 
the First Malaysia Plan was not achieved. The major reasons which con-
tributed to this situation were lack of managerial personnel, skilled 
labour, the occurrences of various administrative bottlenecks, delays 
in project clearing and acquisition of land.^^ Funding has not been a 
problem, and is not likely to be for a long time to come. The inability 
of the F.L.D.A. to open up land at a rate faster than at present without 
sacrificing the required standard is a case in point. The authority, 
^^Central Bdnk of Malaysia, Ibid., pp.68-72. 
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which is expected to carry out an increased development programme over 
the next five years, is likely to continue to face the same problem. 
It seems, therefore, reasonable to infer from the above that 
the government is satisfied with the existing level of savings and 
investment, and that there are no strict grounds for postulating that 
current consumption is worth less than future consumption. Even if a 
higher rate of saving had been aimed at, this could have been achieved 
through the tax machinery. The upshot is that it is considered fair 
to assume that consumption and saving are equally desirable, i.e. S is 
equal to one. Accepting this assumption the equation referred to 
above reduces to 
SWR = m 
meaning that the social cost of labour is equal to its marginal produc-
tivity, which should be valued in shadow-price terms. The result is 
to lower the social cost of utilising labour on land schemes, thus 
making projects socially more profitable, but the drop is unlikely 
to be very great. 
The marginal productivity. It is now necessary to derive 
an estimate of marginal product and then convert it to shadow-price 
terms. The existence of surplus labour in developing countries some-
times leads one to an extreme view that the marginal productivity is 
zero. In other words, it is believed that labour is not scarce in 
the sense that land, capital and skills are scarce resources. While 
this is true in some circumstances, it is at variance with experience 
with rural labour in West Malaysia. Here the marginal product is likely 
to be positive, although it may be very low, and a withdrawal of labour 
from its alternative use would therefore involve a sacrifice, either 
in the form of a subsequent loss of output or in a need for others to 
work harder. 
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It should be mentioned that it is beyond the scope of this 
study to derive the marginal productivity of labour in the rural areas 
in the formal sense - i.e. through the use of mathematical production 
functions. This is necessarily an enormous task and is by itself a 
subject for an independent investigation. It is considered that a 
measure of the marginal product may be gleaned from the evidence of 
various surveys dealing with small farmers. The underlying assumption 
here is that all labour, both settlers and workers (whose labour is 
embodied in the inputs used), are drawn from the landless or people 
with a little land in the rural sector. 
Several surveys dealing with the utilization of agricultural 
labour and its income have been conducted in the past few years.^^ 
^^(a) J. Purcell, The Rice Economy of Four Villages in Province Welles-
ley. Ph.D. Thesis, Australian National University, Canberra, 
1964. 
(b) Rubber Research Institute of Malaya, Unpublished 
results of smallholdings surveys, 1964 and 1968. The writer 
was directly involved in these surveys. 
(c) U. Narkswasdi and S. Selvadurai: (i) Economic Survey of Padi 
Production in West Malaysia; Report No.I - Selangor, January 
1967; (ii) Economic Survey of Padi Production in West Malaysia: 
Report No.2 - Collective Padi Cultivation in Bachang, Malacca, 
May 1967; and (iii) Economic Survey of Padi Production in West 
Malaysia: Report No.3 -- Malacca, October 1967. All published 
by Ministry of Agriculture and Co-operatives, Kuala Lumpur. 
(d) S. Selvadurai, A Preliminary Report on the Survey of Coconut 
Smallholdings in West Malaysia, Ministry of Agriculture and 
Co-operatives, Kuala Lumpur, March 1968. 
(e) S. Selvadurai and S. Jegatheesan, An Economic Survey of Pineapple 
Smallholdings in Pontian, Johore, Ministry of Agriculture and 
Co-operatives, Kuala Lumpur, August 1968. 
(f) S. Selvadurai, Ani b. Arope and Nik Hassani b, Mohammad, Socio-
Economic Study of Padi Farms in the Kemubu Area of Kelantan, 
1968. Ministry of Agriculture and Co-operatives, Kuala 
Lumpur, October 1969. 
(g) Lim Kian Peng, Economics of Vegetable Market Gardening in 
Cameron Highlands, M.Agr. Sc. Thesis, University of Malaya, 
Kuala Lumpur, July 1970. 
198 
These cover a wide range of smallholders growing padi, pineapples^ 
coconuts, rubber and vegetables as a main crop (Table 6.6). Vegetable-
gardening is untypical, but is included here to give an indication of 
income achieved and the extent of employment on these farms. As for 
rubber farms, only those with areas less than 2,9 acres are examined. 
The surveys of rubber farms do not provide information on income 
derived from other farm enterprises and off-farm employment, which were 
considered in all the other studies quoted. 
There is little doubt that rural labour is generally under-
employed, rather than totally unemployed. If the surplus of labour 
in agriculture arises solely because of unemployment, then it may be 
argued that the marginal product of an extra man employed is zero, 
provided of course the unemployment is involuntary. Where there is 
under-utilization of labour, as is believed to be the case in most parts 
of the rural sector, a withdrawal of labour will affect production in 
the existing area. This is especially so in areas where the magnitude 
of under-employment fluctuates over time, and where a certain amount of 
voluntary unemployment exists. In the long-run, however, it may be 
quite^ feasible for the remaining labour to adjust itself to the demand, 
especially with crops where there are no seasonal peaks. 
The proportion of family labour under-employed on the different 
types of farm ranges between 27 and 72 percent of total potential labour 
supply (Table 6.6). The Kemubu farms in Kelantan are the worst, but 
the under-employment is unusually high because of a particularly bad 
flood during the survey years 1967/68. 
Despite under-employment, hiring of labour is very common. 
This is so even during trough periods of labour demand, but no doubt 
more hiring takes place during the peak periods. Although information 
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TABLE 6.6. UTILIZATION OF RURAL LABOUR, AVERAGE WAGE RATE AND AVERAGE 
INCOME PER WORKER 
Survey 
Average 
size of 
farm^ 
(acre) 
Poten-
tial 
labour'^ 
(manday) 
Labour 
under-
employed 
(70 
Hired 
labour*^ 
a) 
Wage 
rate 
($/ 
(manday) 
Income 
per 
worker^ 
($/yr) 
Padi 
P. Wellesley 1963 3.0 720(2.4) 27 18 e n.a. 608 
Selangor 1965/66 5.8 990(3.3) 59 11 4.0 641 
Malacca 1965/66 4.8 1110(3.7) 66 30 1.8 528 
Malacca 1966 3.9 1260(4.2) 57 36 2.7 357 
Kelantan 1967/68 3.0 780(2.6) 72 13 2.7 292 
Pineapples 
Johore 1967 11.7 1320(4.4) n.a. 44 5.4 906 
Coconuts 
Johore 1965 13.0 1050(3.5) n.a. 50 3.0 387 
Kelantan 1965 5.0 1200(4.0) n.a. 14 3.0 204 
S'gor/Perak 1965 13.0 990(3.3) n.a. 82 3.0 591 
Market-gardening 
C.Highlands 1968 1.9 810(2.7) 39 6 4.7 554 
Rubber 
High yielding 
Malay 1964 f n.a. n.a. n.a. n.a. 557 
Malay 1968 f n. a. n.a. n.a. n.a. 321 
Chinese 1964 f n.a. n.a. n.a. n.a. 628 
Low yielding 
Malay 1964 f n.a. n.a. n.a. n.a. 295 
Malay 1968 f n.a. n.a. n.a. n.a. 239 
Chinese 1964 f n.a. n.a. n.a. n.a. 328 
^Including acreages under other farm enterprises, which accounted for 10-50 
percent of total farm area. 
Figures in parentheses denote number of workers. These are defined 
differently in the different surveys, but generally they refer to persons 
above 16 years. The potential labour supply was estimated on the basis 
of 300 mandays per worker per year, the figure being deemed reasonable 
in most reports. 
'^ As a percentage of total employed labour. The proportion in Johore was 
based on total labour engaged in the production of main crop (i.e. 
J pineapples and coconuts). 
Income from the main crop, other farm enterprises and off-farm employment, 
except in the case of rubber farms where income, in terms of per tapper, 
g refers to rubber only, 
.n.a. denotes not available. 
All rubber farms are in the '0-2.9 acres' size group. 
Sources: See footnote 17. 
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on this aspect is not available on rubber farms, it is believed that 
hired labour is also common, as indicated in a survey of immature 
rubber farms growing catch crops in between rubber rows.^® Here hired 
workers J who contributed about 11 percent of total labour requirement, 
were mainly employed during the planting and harvesting seasons, espe-
cially on farms catch-cropping groundnuts, chillies, water-melons and 
sweet potatoes. 
The excess labour supply found in the different surveys is 
likely to be over-estimated. This is because the under-employment is 
seasonal, lowest in the months of planting and harvesting (especially 
padi) and high in other periods. The seasonality of demand for labour 
has not been taken into account in the estimates. This means that 
displaced labour will have to be substituted for in time of need by 
workers hired at current wage. 
It may be inferred from the above evidence that some degree of 
voluntary unemployment and under-employment (i.e. disutility of work) 
exists in the rural area. This is certainly true to some extent on the 
rubber farms growing catch crops, where it was believed that most hired 
workers were not necessary if other members of the families employing 
them wanted to work or work harder. This phenomenon was noted in a 
19 
report on employment, unemployment and under-employment in 1962, in 
which it was stated that rural workers, if they so desired, could have 
worked more than they did. No doubt the marginal supply of labour is 
related to the prevailing wage rate. There is evidence from the surveys 
that during peak periods when the wage rate is high, a farmer and his 
^^Lim Sow Ching, An Agro-Economic Study of Inter-crops on Rubber Small-
holdings, Rubber Research Institute of Malaya, Economic Report No. 
6, June 1969. 
^^Federation of Malaya, Report on Employment. Unemployment and Under-
employment , 1962, op.cit. 
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family tend to work harder, hiring in as little labour as possible; in 
trough periods, they work a little less and employ some workers at low 
wage rate. Under these conditions it may be argued that the cost of 
utilizing alternative labour is at least equal to the prevailing wage 
rate. 
The wage rate was found to vary from $1.4 to $6 per manday in 
the different surveys. In practice only about 4-5 hours' work is done 
in a day, and this means that the average daily earning of a hired 
worker is only about half the average wage rate quoted (Table 6.6). It 
is not satisfactory to equate the marginal product to wage rate, since 
this depends very much on a subjective judgement as to the extent to 
which a person is prepared to forego his leisure as against the cost of 
hiring a worker. 
It is considered that a more practical alternative is to examine 
the average output on small farms. This figure is, of course, very variable. 
Table 6.6 shows that the average yearly income per worker is between $204 
(coconut farms in Kelantan) and $906 (pineapple farms in Johore). The 
figures for rubber farms refer to income per tapper, since the number 
of workers and earnings from non-rubber activities are not available. 
Since labour is under-utilized, the average product can be 
expected to be lower than it would be under conditions of near full 
employment. It follows that the marginal product is lower than the 
average product. The greater the magnitude of under-employment, the 
lower would be the marginal product, as compared to the average value. 
Where under-employment is serious, the marginal product may be as low 
as half the average product. If one were to aggregate all the incomes 
secured in the different surveys (Table 6.6), and halve the result, one 
would arrive at a figure of $233 per worker. 
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If the settlers on land development schemes, and other direct 
and indirect labour associated with the projects, were drawn from the 
types of farms sampled, the above figure might well reflect the oppor-
tunity cost involved. In the face of under-employment one half of the 
average product may not be far from the truth. But since the displaced 
labour is likely to be those with little or no land, the earnings asso-
ciated with farmers falling in this category will provide a better 
measure. 
The study on the economic conditions of padi farmers in Pro-
vince Wellesley and the R.R.I.M. surveys of rubber smallholdings provide 
comprehensive details on income by holding size. The R.R.I.M. surveys, 
however, refer to income from rubber only and are therefore less useful. 
The Province Wellesley study reports an average income (1963) of just 
over $300 per worker in the '0-1.3 acres' size class. This earning may 
be regarded as the marginal productivity of displaced labour, since many 
settlers were landless or only had a tiny lot before (Table 9.11, 
Chapter 9). Little and Tipping actually make use of this figure in the 
oil palm study referred to before. 
The average income per tapper in the 'below 2.9 acres' rubber 
farms works out at $394. The figures for rubber farms must be inter-
preted with care. First the higher income per tapper in 1964, as 
against 1968, on both high and low yielding farms, was due to higher 
prices of rubber. Next, the product was the result of a husband and 
wife team in most cases, other members of the family being employed 
off-farm. The earnings of the latter were not recorded in the surveys, 
but in another R.R.I.M. study in 1968, earnings of individuals not 
employed on rubber farms were obtained (Table 6.7). These individuals 
may be regarded as 'landless'. The average annual earnings range 
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between $231 per person (Negeri Sembilan) to $476 per person (Pahang), 
The overall average earning of these individuals is $342 per year. 
TABLE 6.7. AVERAGE EARNINGS ($/YEAR) PER WORKER REPORTING WORKING OFF 
RUBBER FARMS (INDIVIDUALS NOT EMPLOYED ON FARMS), 1968 
S t a t e 
Item 
Trengganu Pahang Selangor Malacca Negeri Sembilan 
Total 
Padi 272 (28)^ 170 (10) 320 (11) 205 (10) 287 (18) 260 ( 77) 
Coconut 168 ( 3) 192 ( 1) 149 ( 5) 131 ( 2) - 155 ( 11) 
Dusun 183 ( 6) 167 ( 2) 275 (11) 383 ( 2) 110 ( 6) 218 ( 27) 
Fishing 297 ( 1) - 351 ( 5) - 342 ( 6) 
Estates 487 (10) 360 ( 2) 250 (10) - 368 ( 22) 
Odd job 130 ( 7) 264 ( 5) 289 ( 4) 192 ( 3) 90 ( 2) 197 ( 21) 
Others 640 (23) 879 (13) 518 ( 4) 285 ( 6) - 651 ( 46) 
All 385 (78) 476 (33) 289 (45) 254 (28) 231 (26) 342 (210) 
Figures in parentheses denote number of individuals. 
Source: Rubber Research Institute of Malaya, Unpublished results of 
smallholdings survey, 1968. 
Previous income of settlers. The survey of settlers provides 
yet another piece of information which may throw some light on this 
issue. In this survey, earnings of a sample of settlers prior to 
joining the schemes (1959/60) have been secured. 
It is interesting to find that every settler family interviewed 
reported earning an income. The amount, which fluctuated greatly between 
individuals and locality, ranged between $130 (Beting) and $479 (Purun) 
per worker per year. When classified according to types of scheme, the 
settlers in the F.L.D.A. schemes had the highest average income ($327), 
followed by settlers in the Fringe ($285) and State ($236) schemes. The 
overall average works out at $281 per worker. 
Settlers working on the F.L.D.A. schemes were, and still are, 
guaranteed a monthly sum of $69.60 per family during the development 
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period. The survey shows that there were 3.8 workers in a family, and 
this means that the earning per worker over the development period was 
$220 per year, which is $107 lower than before. The loss was generally 
compensated, since other members of settler family also worked off-farm. 
The settlers on the State and Fringe schemes continued working elsewhere, 
the extra labour needed on the newly-acquired farms being met either by 
working harder or by reducing other non-farm work. 
Assuming the survey covers a representative section of the 
settler population (there is no serious objection to this assumption), 
the previous earnings of settlers outlined above may be taken to approxi-
mate the opportunity cost of utilizing this labour. The average value 
of $280 is, therefore, employed in this study. It is not grossly 
different from averages quoted earlier. 
Shadow-pricing the marginal product. The next step is to 
derive the value of marginal product in shadow-price terms. To do this 
one must have some idea of the composition of income, i.e. the kinds of 
goods from which such income was secured. It can be inferred from the 
surveys that the great proportion of the income was associated with 
rubber and padi. There is no means of telling the actual sources but 
the following split is considered appropriate: 40 percent rubber, 40 
percent padi and the rest 'others'. 
As mentioned before, the social value per unit of rubber is 
reflected by its f.o.b. price. Since the price received by small-
holders is always lower (Chapter 4), the amount of settlers' income 
attributable to rubber will have to be adjusted. In 1960/62 the 
average f.o.b. RSS 3 price (the grade most appropriate to smallholders' 
sheet rubber) was 93,4 cents per lb. At this price level, the export 
duty, replanting cess and research cess totalled 16.9 cents per lb. 
This amount would be deducted from the f.o.b. price, as well as a 
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marketing margin of about 8 cents per lb. On balance the price 
received by smallholders in 1960/61 would be 68.5 cents per lb. This 
means that half the marginal product should be adjusted upward by about 
36 percent to reflect the whole foreign exchange earnings. 
An allowance has, however, to be made for the marketing cost 
(8 cents per lb), which comprises labour, transport, insurance and 
storage. As an approximation, this cost is converted to shadow-price 
terms using the standard conversion factor. The net result is that 
income attributable to rubber is increased by 35 percent, 
Padi was consumed locally, but its value in terms of shadow-
price may be estimated on the basis of c.i.f, price for imported Chinese 
20 
rice, which is roughly equivalent in quality. Although the government-
guaranteed minimum price of 16 cents per kati was already in force in 
1960/61, the common price received by farmers was (and is) about 13.50-
14.50 cents because of moisture content and alleged inferior quality. 
In comparison the average c.i.f. price of Chinese rice was around 26 
cents per kati, or 16.4 cents in terms of padi on the basis that local 
padi produces about 63 percent rice. If one allowed for the marketing 
cost involved, which may be in the region of 15-20 percent of c.i.f. 
value, the price of padi actually received by farmers would not be too 
different from the c.i.f. cost of imported rice. This merely means that 
the value of padi consumed is more or less equivalent to the saving in 
foreign exchange, and adjustment is not necessary. 
The income grouped under 'others' was the result of a host of 
activities. Some have a high shadow-price/market-price conversion 
ratio (e.g. coconut products) and some have low conversion ratio (e.g. 
9 n 
The discussion which follows is based on Federal Agricultural Marketing 
Authority, private communications, 1971. 
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wages from odd job). The details are not known. In the circumstances 
one could not do better than applying the standard conversion factor 
referred to earlier. 
In summary, the value of rubber is increased by 35 percent, 
the value of padi remains unaffected and that of 'others' is adjusted 
downward by 10 percent. in total the marginal product, after conver-
sion to shadow-price terms, increases by 9 percent from $280 to $313. 
Marginal value product/market wage ratio. It is now necessary 
to express the social value of marginal product in terms of the relevant 
market wage rate, so that the totals of the wage component can be 
revalued. The wages of both direct and indirect labour are involved 
here: the settlers/contract workers and those associated with the 
material inputs. 
The daily wage paid to settlers in the F.L.D.A. schemes is 
$2.90 for 24 days in a month. This is also true in most of the State 
schemes. The common wage of contract or hired workers is between $3 
and $4 per manday, although there are people receiving $7-$8 in some 
activities. From the commercial viewpoint, the cost of family labour 
has been imputed at the going wage rate of $3 per manday (Chapter 5, 
pp.136 and 158). The only exception is tapping, for which the cost is 
calculated according to the 1968 wage agreement for estates. The 
earnings of tappers in this case work out at $4-$5 per manday. Taking 
all these items into consideration, an average rate of $3,50 is consi-
dered fair. This gives a total annual wage of $1,050 per direct worker 
on the basis of 25 working days in a month. 
The wage of labour embodied in goods and services is higher 
than that of direct labour. Evidence of this may be seen from the 
annual survey of manufacturing industries conducted by the Department of 
Statistics. The average annual earnings of workers in 1960/61 in 15 
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selected industries (which are considered relevant to the case in point) 
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have been computed; some of these manufacturing industries are 'rubber 
remilling of estates', 'rubber latex processing off estates', 'industrial 
machinery and parts' and 'bicycle, tricycle and trishaw parts and 
accessories'. As might be expected, the figures are highly variable. 
The annual earnings ranged from$l,200 per worker in 'motor vehicle parts 
and accessories' to $4,021 in 'chemical fertilisers'; workers i n m o s t 
manufacturing industries earned $ 1,500-$2,100. The overall average 
annual earning is estimated at $1,730, which is nearly two-thirds more 
than the earning of direct labour given above. The average figure just 
quoted included earnings of salaried staff but the proportion is believed 
to be quite small. 
To arrive at an average wage rate, one ought to know the appro-
ximate proportion of direct and indirect labour involved in the establish-
ment and production of rubber in land schemes, A direct/indirect labour 
ratio of four to one is considered not too far out. Using this as weight 
the average wage rate of direct and indirect labour is estimated at 
$1,190 per worker. The marginal value product/wage rate ratio ($313/$1190) 
is therefore 0,263. This is the shadow-price factor employed to convert 
all wage elements to the social cost of labour (Table 6,5). 
It may be questioned as to whether one ought to adjust the 
marginal product upward for periods after 1960/61, to allow for inflation 
or increase in productivity. While this is plausible in theory there is 
little point in making such refinement in practice. For any increase 
in marginal product in subsequent years would have been (or will be) off-
set by falling prices, especially that of rubber which fell by about 42 
9 1 
Federation of Malaya. Survey of Manufacturing Industries, 1960 and 
1961 issues. Department of Statistics, Kuala Lumpur. 
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percent between 1960/61 and 1970. As far as inflation is concerned, 
the effect would probably be neutralised by the general rise in wages. 
The average earnings of workers in the manufacturing industries examined 
above increased by about 12 percent to $1,940 in 1968, the last year for 
which such information is available. 
6.3,2. Salaries of Skilled Labour 
Skilled labour is understood to refer to clerical staff and 
22 
management and professional personnel. According to Little and Mirrlees, 
two categories of skilled labour may be involved in a project, each having 
a different impact on foreign exchange. There are skills which are hired 
from abroad and skills which are available locally. 
Imported skills are obvious traded goods, and the foreign 
exchange cost of employing them can be estimated quite easily. In this 
case a large portion of the salaries is leave pay, passage money and other 
related allowances; these constitute direct foreign exchange payments 
and should be taken without any adjustment. The greater part of the 
remainder is likely to be spent locally. The cost to the economy 
arising from this expenditure may be calculated according to the composi-
tion of expenditure items, allowing for any direct and indirect taxes. 
The local skilled labour is only a special type of non-traded 
good, its skills being acquired and used within the economy. So far as 
land development is concerned most of the services contributed by the 
administrative, technical and clerical workers are local. The salary 
element isolated earlier may consist of a small portion of expatriate 
pay, but this is too minor to justify a separate treatment on its own. 
In any case the breakdown is not known. 
22 Little and Mirrlees, op-cit., p.154. 
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One may, at least in principle, equate the social cost of 
utilizing a local trained man to his marginal productivity in shadow-
price terms (i.e. his earnings) in the next best employment. The 
skilled labour as understood here comprises several grades: some are 
very scarce and some are in plentiful supply. In so far as a factor 
should be diverted from uses in which it makes the least contribution 
to the total output, a single marginal value product is difficult to 
derive. This is elaborated below. 
One important limiting factor at the initial stages of deve-
lopment in Malaysia was the shortage of technical and management 
23 personnel. This shortage, aggravated by the rapid Malayanisation 
programme for the public sector, retarded public investment shortly 
24 after Independence in 1957. There is still a great lack of adequately 
trained personnel, and this fact has been singled out as one of the 
25 
major economic problems in the First Malaysia Plan 1966-70. The 
relatively low remuneration for the skilled labour in the public, com-
pared to the private, sector is one reason why much needed skills have 
not been attracted; this would mean that salary paid in the public 
sector is an understatement of social cost. 
One must not forget, at least in theory, the fact that society 
sustains a cost in training extra manpower, and a cost of extra consump-
tion arising from the higher earning power of the trained personnel. 
2 3 
E.K. Fisk, 'Rural Development Policy', in T.H. Silcock and E.K. Fisk 
(eds.), The Political Economy of Independent Malaya (Canberra: The 
Australian National University Press, 1963, pp.174-194. 9 / 
For the Malayanisation programme, see Report of the Commission on 
Malayanisation of the Public Service (Kuala Lumpur: The Government 
Printers, 1956), and Malayanisation of the Public Service: A 
Statement of Policy (Kuala Lumpur: The Government Printers, 1956). 
^^First Malaysia Plan 1966-1970. (Kuala Lumpur: The Government 
Printers, 1965), p.l. 
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Since most skills can only be acquired through extensive training and 
education, the training cost borne by society must be considerable. The 
cost of extra consumption is debatable, because credit should also be 
given to the benefits enjoyed by a man after his training. On balance, 
the remuneration paid to skilled labour is likely to understate the 
social cost. 
On the other hand there is significant unemployment among 
persons who are qualified as clerical staff and lower grades of skilled 
labour. These tend to concentrate on youths below 24 years of age: 
this increased from 63 percent of total unemployed in 1962 to 75 percent 
2 6 
in 1967/68. School leavers with lower/middle secondary education 
formed almost one-third of the total unemployed. Persons who had completed 
their upper secondary education, and were thus most suitable for salaried 
employment, made up just over 8 percent. 
One might therefore argue, in the face of this, that the 
marginal product of some clerical staff is zero or even negative. The 
view is perhaps extreme. It is considered best in this study to take 
the salary component as it is, and to assume the entire amount is spent 
on consumption. The assumption may not be strictly correct but the pro-
portion of salary saved is unlikely to be significant enough to justify 
a detailed evaluation. An indication of the composition of private con-27 
sumption expenditure may be seen from the national accounts. In the 
main, 'food' accounts for over 45 percent of the total private expenditure. 
2 6 
Malaysia, Various reports on employment and unemployment by the 
Department of Statistics, op.cit. 
27 
Malaysia, National Accounts of West Malaysia 1960-1966. Department 
of Statistics, Kuala Lumpur, 1968. The figures for private consump-
tion expenditure were based on the Household Budget Survey 1957, the 
latest available, supplemented by trend in local production of 
commodities and imports of consumer goods. 
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The next important item is 'transportation and communication', which 
forms only 8 percent of the totals followed by 'rent, rates and water 
charges' at 7.5 percent. Indirect taxes, which are low on food but 
high on other items, are not known. On the whole it seems best to 
determine the social cost arising from salary payment by applying the 
standard conversion factor (i.e. 0.9 as shown in Table 6.5). 
The above approximation is necessarily crude. It may be 
pointed out in support of this that salary component forms an unimpor-
tant part of total expenditure of a project, so that the rough approach 
adopted will not bias the results one way or the other. 
6.3.3. Profits 
Profit is a composite item, comprising the cost of using the 
capital (i.e. the interest payment and depreciation), the income to the 
management, the entrepreneurial profit and tax, all of which have 
different implications from the social point of view. Strictly, to 
reflect the social effect of profit, the cost of capital should be 
shadow-priced in the manner already outlined for traded and non-traded 
goods. The interest may be treated as a non-traded good, although 
even this is controversial because of the relationship of interest to 
the social opportunity cost of employing the extra capital. In eva-
luating management income and entrepreneurial profit, one has to 
recognize the fact that one part will be ploughed back directly to 
generate future streams of income and the other diverted to consumption. 
One may argue that, from the point of view of society, only that part 
is a cost which results in extra consumption; that part which is not 
distributed to the shareholders or to the management should not be 
treated as a cost to society. The undistributed profit contributes 
directly to the existing level of investment (which has already been 
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considered to be satisfactory). In this sense the retained profit is 
different from the earlier treatment that 'would-be' savings and con-
sumption are equally desirable to the Malaysian society. 
Bearing in mind the small size of profit and a paucity of 
data, it is considered adequate to resort to approximations. The pro-
cedure is to deduct the taxes (both direct and indirect) and an appro-
priate amount of re-investment from the profits and then proceed to 
shadow-price the remaining part. 
There is little doubt that a predominant proportion of profits 
as understood here accrued or will accrue to small traders and sub-
contractors. The amount to be re-invested in their business is hard 
to estimate but it can be expected to vary considerably among traders. 
It was not possible to obtain any indication of this from the contractors 
and traders in agricultural supplies. A scrutiny of the national 
accounts (1960-66) of West Malaysia showed that private savings, expressed 
as percentages of total private receipts, increased from 5.2 percent in 
28 
1961 to 10.4 percent in 1966, the last year for which such information 
is available. As a rough approximation, the proportion of profit re-
invested is assumed to be 10 percent. 
The direct taxes secured from the aggregate income of 'private 
enterprise, household and non-profit institutions' have been estimated 
29 
to vary between 5.6 and 7.5 percent. There is inevitably a great 
variation about these averages. Thus incomes of all public companies, 
trustees and non-residents are taxed 40 percent, whilst personal incomes 
are taxed at progressive rates, from 6 percent on the -first taxable 
income of $2,500 per year to 50 percent on taxable income above $50,000 
2'ibid. 
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30 per year. In so far as the small traders and contractors are con-
cerned a likely rate is believed to be 15 percent and below, although 
some are not taxed at all. In conclusion, it is considered fair to 
assume a direct tax of 10 percent on profit. 
The remaining 80 percent of the profit is treated as avail-
able for current consumption. This can be expected to contain large 
quantities of taxed goods and services, since the traders are relatively 
wealthy people, and consequently the indirect taxes are likely to be 
quite high. For West Malaysia as a whole, indirect taxes have been 
31 
estimated to make up 16-20 percent of the national income in 1960-66; 
the proportion would have been lowered by 2-3 percent was it not for 
the inclusion of replanting and anti-inflationary cesses on rubber. If 
the indirect taxes pertaining to that part of the profit available for 
consumption were assumed to be 20 percent, the social cost of profit 
would amount to 64 percent of the original sum. 
It should, however, be noted that the remaining profit is 
not spent wholly on consumption; it includes a provision for fixed 
capital consumption. For the latter item, the difference between the 
market cost and the cost in shadow-price terms is likely to be small, 
since little or no taxes are imposed on capital goods. For example, 
the amount set aside for rubber replanting is allowed to be written 
off as current expenses. Again in the case of newplanting the initial 
development expenditures are capitalized and written off over a period 
of ten years, whilst those incurred during the maintenance period are 
treated as expenses. In view of what has been said, it is considered 
^^Malaysia, His Majesty's Government Gazette, Tambahan Act No. 10, 
Income Tax (Amendment^ Act. 1967. No.77 of 1967. 
^^Malaysia, National Account ....... op . cit . 
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more appropriate to apply the standard conversion factor. This yields 
a shadow-price factor of 0.74 (0.9 times 80 percent) for the profit 
component (Table 6.5). 
6.4 PRACTICABILITY OF SHADOW-PRICING 
The above experience suggests that Little/Mirrlees method of 
shadow-pricing is to a large extent practical in the sort of projects 
investigated. The analysis has been facilitated by two factors which 
may not be typical of other agricultural projects. First, the inputs 
and outputs pertaining to the whole process of rubber growing and pro-
duction have been predicted with reasonable accuracy. Secondly, most 
of these inputs and outputs are amenable to foreign exchange valuation; 
the output (rubber) is wholly exported (the demand for which can be 
assumed to be elastic) and is therefore easily valued at assumed f.o.b. 
prices; except for labour, most other major inputs are either traded 
goods or substitutes for goods which are traded for which their c.i.f. 
costs or equivalents can be specified without much difficulty. Even 
the marginal product of labour comprises predominantly traded goods 
(rubber) and goods which serve to replace imports (padi); the valuation 
of labour is simplified to that extent. 
There are of course cases (e.g. expenses on agricultural roads) 
in which foreign exchange valuation is difficult. But even here it 
is quite possible to arrive at some crude estimates in a general way. 
Fortunately, these non-traded inputs are unimportant in the present 
investigation. Rough estimates are still useful, in the face of market 
imperfections, if the amounts of these inputs are significant. 
It should be stressed that the collection of reliable basic 
data was the major problem encountered: it was a very difficult and 
time-consuming task. In development planning, however, one cannot 
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blatantly ignore the existence of serious price distortions. In 
conclusion it is suggested that systematic efforts should be made in 
the public sector to gather and collate the necessary data, paying 
special heed to the need of shadow-pricing. For example, 'conversion 
tables' along the 1 ine of Table 6.5 might be developed for certain major 
types of investment, and revised from time to time, for use by the 
Government officials. These will also ensure consistency in project 
evaluation between departments. The suggestion, however, raises the 
problem that skilled resources are also inadequate to help formulate 
32 
and to carry out such sophisticated analysis. But there is no 
easy way if one believes in making policy decisions based on planning. 
32 
For an account of problems encountered in project evaluation in 
developing countries, see B.E. Cracknell, 'Some Problems in the 
Application of Project Appraisal Techniques', Journal of Agricul-
tural Economics, Vol.XXII, No.3, September 1971, pp.277-286. 
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CHAPTER 7 
COMMERCIAL PROFITABILITY 
This chapter assesses the profitability of different types of 
land development scheme from the commercial viewpoint. The assessment 
takes into account all expenditures, including the imputed value of 
family labour, which are relevant to the operation of a commercial firm 
(Chapter 5). The items covered the costs of development, administration 
and management, and production and maintenance; market price valuations 
are employed. The analysis denotes the commercial attractiveness of 
opening blocks of jungle land for rubber planting, with the aim of 
eventual sub-division for individual ownership. The final results, 
which are discussed in terms of the IRR, B/C ratio and NPVj provide 
some guide to the efficiency of public-sector investments vis-a-vis 
those undertaken by the private sector. 
7.1 COMMERCIAL RATES OF RETURN ON INVESTMENT 
7.1.1. Expected Commercial Rates of Return 
Apart from the expected mean IRR associated with the 'mean' 
net cash flow (annual total receipts less annual total expenditures), 
two other estimates of IRR are presented to reflect the expected varia-
bility arising from rubber yields and prices. As explained in Chapter 
2 (pp.38-39), these are the 'best' expected IFR (plus one standard 
deviation from the mean values), and the 'worst' expected IRR (minus 
one standard deviation from the mean values). 
Land development schemes are currently regarded as forming 
part of the 'smallholding' sector^ although whole schemes always cover 
an area big enough to be classified as an estate. In this analysis the 
rates of return are first examined from the commercial viewpoint of an 
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individual smallholding operation, in which the replanting cess of 4,5 
cents per lb is regarded as a cost (Chapter 5, p.154). Then the rates 
are examined from the viewpoint of an estate operation where the 
replanting cess is refunded and is therefore not a cost (except in 
respect of interest charges which are ignored here). The results are 
set out in Table 7.1. 
Smallholding viewpoint. The schemes within each type of 
land development are arranged in descending order of the estimated IRRs 
(Table 7.1). Since each group consists of two 'above average', two 
'average' and two 'below average' schemes (except with the Fringe deve-
lopments where there are three schemes each in the latter two classes) 
(2.2.2., Chapter 2), the IRRs vary greatly even within a given type of 
scheme. The expected mean IRR ranges from 4.2 percent (for Gedangsa) 
to 10.7 percent (for both Serampang and Tenang) (F.L.D.A. schemes); 
from 5.4 (for Dua) to 10.0 percent (for Labu) (State schemes); and 
from 2.8 (for Halt) to 10.2 percent (for Timbol) (Fringe schemes). Four 
out of the six F.L.D.A. schemes yield expected mean IRRs greater than 9 
percent, as compared to only two out of the six State and one out of the 
eight Fringe schemes. All State schemes exhibit a mean IRR greater than 
five percent, whereas only half of the Fringe schemes achieve this 
standard of performance. There is also a greater disparity in economic 
performance between the 'above average' and 'below average' schemes in 
the Fringe group. 
On F.L.D.A, schemes the expected best and worst IRRs deviate 
2.0 to 3.1 percent from the expected mean values. They deviate 1.6 to 
4.0 percent on State schemes, and 2.1 to 196.1 percent on Fringe schemes 
The latter's range is necessarily wide, since the worst IRRs of three 
'below average' schemes (Rambutan, Sahom and Halt) are negative, the 
lowest being -193 percent. 
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TABLE 7.1. THREE ESTIMATES OF EXPECTED COMMERCIAL RATES OF RETURN 
FROM THE SMALLHOLDING AND ESTATE VIEWPOINTS^ 
Expected IRR from Expected IRR . from 
smallholding viewpoint estate viewpoint 
Scheme a ) a ) 
Best Mean Worst Best Mean Worst 
F.L.D.A. 
Serampang 12.7 10,7 8.1 14,3 12.6 10.6 
Tenang 12.7 10,7 8.1 14,3 12,6 10.5 
Percha 11.9 9.6 6.6 13.6 11.8 9.4 
L.B.J, 11.3 9.2 6.5 12. 9 11.1 9.1 
Awah 11.0 8,7 5.6 12.8 10.9 8.5 
Gedangsa 6,5 4.2 2.0 8,2 6.4 4,1 
State 
Labu 11,6 10.0 7.8 13.0 11.7 10,1 
Panchang 11.5 9,7 7.3 13.0 11.5 9,6 
Cerbang 9.1 6.1 3,5 11,0 8.7 5,4 
Menderang 8.8 5.9 3,0 10.7 8.5 5,6 
Pepuyu 8,1 5,5 2.8 10.2 8.3 4.8 
Dua 7.7 5.4 1.4 9.5 7,7 5.3 
Fringe 
Timbol 12,3 10.2 8.0 14.1 12,4 9.7 
Gentam 11.4 8.6 6.2 13.4 11.2 8.3 
Purun 10.4 7.8 5.3 12.4 10.3 7.7 
Beranang 10.5 7.5 4.1 12.6 10.3 7.4 
Beting 8,3 4.5 0.2 10.7 8.1 5.0 
Rambutan 7.0 3.4 -13.0 9.3 6.8 3.2 
Sahom 6.8 3.3 -192.4 8.9 6.5 3.1 
Halt 6.3 2.8 -193.3 8.6 6.1 2.6 
^The 'best' and 'worst' estimates of IRR are derived from the mean 
net cash flow plus and minus one standard deviation from the 
mean revenue stream (see 2.2.2,, Chapter 2). Because of this 
the best and worst IRRs are not equidistant from the mean IRR. 
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The expected variability in the IRR of a project arises 
predominantly from the expected fluctuation in rubber yield; the 
influence of expected variations in world price, which is assumed to 
be the same on all schemes, is small by comparison. The yield has 
been assumed earlier to vary according to the type of planting material 
used, the magnitude of variation being based on estate experience. 
Thus the greater degree of uncertainty on Fringe schemes is due to the 
assumption, based on an analysis of estate performance (Table 4.6, 
p.124), that Tjir 1 CS, which is widely used on such schemes has a 
bigger variance of yield. This, coupled with its low productivity, 
is a major disadvantage of this material but its ability to grow under 
poor conditions was held to justify its adoption on Fringe schemes 
(1.4, Chapter 1), The variability in the yield of a particular clone 
used on schemes run by smallholders might be greater in practice than 
the variance assumed in this study, since the estate performance can 
be expected to be relatively more uniform. There is, however, no way 
at present of measuring such a difference. In general, for a given 
clone, the performance on Fringe schemes can be expected to be more 
variable than that on F.L.D.A, schemes, although evidence on this is 
not available. 
To provide an overall indication of how the variability of 
IRR differs, the expected mean IRRs within each type of scheme have 
been averaged, and the standard deviation and the coefficient of varia-
tion of each group mean have also been calculated (Table 7.2). 
It should be pointed out that where the expected rates are 
negative or very low in respect to the worst net cash flows, the IRR 
quoted may not be unique. Multiple rates are present because of the 
existence of 'non-simple' net cash flows, involving negative values 
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TABLE 7.2. MEANS, STANDARD DEVIATIONS AND COEFFICIENTS OF VARIATION 
(WITHIN EACH TYPE OF SCHEME) OF EXPECTED 'MEAN' COMMERCIAL 
RATES OF RETURN FROM THE SMALLHOLDING AND ESTATE VIEWPOINTS 
Type of scheme and 
statistical measures 
Smallholding 
viewpoint 
Estate 
viewpoint 
F.L.D.A. 
Mean of 'meaa' IRRs 8.9 10.9 
Standard deviation 2.4 2.3 
Coefficient of variation 27 21 
State 
Mean of 'mean' IRRs 7.1 9.4 
Standard deviation 2.1 1.7 
Coefficient of variation 30 18 
Fringe 
Mean of 'mean' IRRs 6.0 9.0 
Standard deviation 2.8 2.4 
Coefficient of variation 47 27 
Computed from Table 7.1. 
interspersed among positive values.^ In most cases, however, the worst 
net cash flows are 'simple' (in that negative values are followed by 
positive values only) and solutions are unique. This issue is dis-
cussed in detail in Chapter 11. 
Estate viewpoint. Where block newplantings are treated as 
estates, the replanting cess (4.5 cents a pound) is no longer a cost 
item and forms a part of the revenue. In general the expected yield 
of a project is raised by about 2 to 3 percent. The expected mean IRR 
from the F.L.D.A., State and Fringe groups now ranges from 6.4 to 12.6 
"See James C.T. Mao, Ouantitative Analysis of Financial Decision 
(London: Collier-Macmillan Limited, 1969), pp.197-212. 
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percent, 7.7 to 11.7 percent and 6.1 to 12,4 percent respectively 
(Table 7.1). 
The relative improvement in IRR is much greater for the 
Fringe schemes and, as a result, they are better than many State 
schemes and only marginally inferior to those run by F.L.D.A. Thus 
from the commercial viewpoint, which is to an important extent that of 
the State Governments who promote the Fringe schemes, the current 
segregation of replanting cess into Fund A (for estates) and Fund B 
(for smallholdings) has an important influence on the commercial 
profitability of land development schemes. Treating schemes as part 
of the smallholding sector greatly depresses the commercial attractive-
ness of the low-cost development. Many Fringe schemes would seem 
economic if the replanting cess collected was channelled to Fund A, 
to be refunded periodically to the agencies concerned. 
7.1.2. The Profitability of Investment 
To determine whether the rates of return quoted above are 
sufficiently profitable, they should be compared with various yardsticks, 
One of obvious relevance is the rate of return from similar investments 
in commercial estates. Two others are the actual cost of capital and 
the returns from the next best alternative use (i.e. the opportunity 
cost) to which funds might otherwise have been put. Comparison with 
the actual cost of capital is pertinent where capital resources are 
made available to the agencies for land development only. Where the 
capital resources are free to be employed elsewhere, however, the 
opportunity cost of capital is more appropriate. The three yardsticks 
are now examined separately. 
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Expected IRR versus the return on estates. Several studies^ 
have been made on the IRR from investments in rubber and oil palm 
estates in West Malaysia. These are summarised in Table 7 . 3 . All 
studies, except the oil palm investment reported by Little and Tipping, 
refer to 'model' cases based on projected estimates in light of current 
and expected future technological development in the rubber and oil palm 
industries. They inevitably reflect a standard which is higher than 
that found in most estates in practice. None of the studies quoted 
took into account the effect on profitability of variations associated 
with the yields and prices of rubber or palm oil, Ng attempted to 
indicate this by calculating various rates of return for different 
assumed price levels and soil types. 
Table 7 .3 shows that the IRRs computed on different assumptions 
as to costs, yields and prices differ greatly. But one thing is 
apparent: the return from oil palm investment is generally higher than 
that from rubber in the type of situation envisaged. Thus an IRR of 
J. Bevan and T. Goering, 'The Oil Palm in Malaysia: An Estimate of 
Product Prices and Returns to Investment' iji. P.D, Turner (ed.), 
Oil Palm Developments in Malaysia (Kuala Lumpur: The Incorporated 
Society of Planters, 1968); Ng Choong Sooi, Economic Aspects of 
Replanting on Rubber Estates, Rubber Research Institute of Malaya. 
Economic Report No.9, December 1971; T. Goering, J. Bevan and M. 
Yunus, Another Look at Rates of Return from Oil Palm and Rubber 
Investments. Federal Land Development Authority, Kuala Lumpur, 
Internal Paper (mimeographed), 1969; Little and Tipping, A Social 
Cost-Benefit Analysis of the Kulai Oil Palm Estate. West Malaysia, 
Nuffield College, London, July 1970 (mimeograph); and Pee Teck Yew, 
A Note on Investment in a IG.OOQ-Acre Rubber Estate, Rubber Research 
Institute of Malaya, Kuala Lumpur, Internal Paper, 1971. S. Singh 
also made a study on the economic aspect of three F.L.D.A. schemes 
in Malacca in 1963 (one of the schemes was Percha), but he only 
calculated the B/C ratio (see S. Singh, Economic Aspects of Three 
New Land Development Schemes Organised by the Federal Land Develop-
ment Authority in Federation of Malaya, Ph.D. Thesis, The Australian 
National University, Canberra, 1965) . 
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TABLE 7.3. ESTIMATES OF RATES OF RETURN FROM RUBBER AND OIL PALM INVEST-
MENTS AS REPORTED IN VARIOUS STUDIES, 1969-71 
S t u d y Price assumptions IRR (7c) 
Rubber RSS 1 price declining from 47 ct per 
lb in 1975 to 40 ct per lb in 1989 
and beyond. 
(A) C.S. Ng, 1969 (based 1. highly suitable soil 12.4 
on one acre) 2. moderately suitable soil 9.1 
3, marginal soil 3.5 
(B) Bevan-Goering-Yunus 1. SMR 5L price declining from 50 ct 
1969^ (6^000 acre per lb in 1973 to 45 ct per lb 10.9 
estate) in 1990 and beyond 
2. SMR 5L price declining from 55 ct 
per lb in 1975-82 to 49.5 ct per 13.8 
lb in 1991-99 
(C) T.Y. Pee, 1971^ 1. SMR 5CV and SMR 10 prices of 47,12 
(10,000 acre and 43.62 ct per lb (when RSS 1 13.5 
estate) price is 45-50 ct per lb) 
2. SMR 5CV and SMR 10 prices of 51.87 
and 48.37 ct per lb (when RSS 1 15.0 
price is 50-55 ct per lb) 
3. SMR 5CV and SMR 10 prices of 56.75 
and 53.25 ct per lb (when RSS 1 16.5 
price is 55-60 ct per lb) 
Oil Palm Oil price declining from $500 per ton 
in 1972 to $350 per ton in 1987 and 
beyond. Kernel price is 58 percent 
of oil price. 
(A) C.S. Ng, 1969 (based 1. highly suitable soil 29.4 
on one acre) 2. moderately suitable soil 18.6 
3. marginal soil 4.3 
(B) Bevan-Goering-Yunus 1. oil price declining from $600 per 
1969^ (6,000 acre ton in 1970 to $450 per ton in 16.9 
estate) 1978 and beyond 
2. oil price of $425 per ton in 1972-
95, kernel price being 75 percent 16.3 
of oil price 
3. oil price of $375 per ton in 1972-
95, kernel price being 75 percent 13.0 
of oil price 
4. oil price of $325 per ton in 1972-
95, kernel price being 75 percent 9.1 
of oil price 
(C) Little-Tipping, 1970*^ Oil price of $425 per ton and kernel 
(5,250 acre estate) price of $375 per ton (88 percent) 8.2 
in 1970 and beyond 
'Lower general and forwarding charges for (2) in the case of rubber, and 
(2), (3) and (4) in the case of oil palm. (cont'd) 
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Taking into consideration the latest ethylene yield stimulation technique 
^Case study of an estate acquired by the Commonwealth Development Corpora-
tion in 1950. The Plantation and the factory had been badly neglected 
during the Japanese Occupation and large expenses were involved in 
rehabilitation. The cost prices and revenues in 1970 and beyond are 
proj ected, 
3.5 to 16.5 percent in the rubber cases compares with 8.2 to 29.4 percent 
in the oil palm cases. The three highest estimates of IRR from rubber 
investment, 13.8, 15.0 and 16.5 percent, are based on price levels of 
50-60 cents a pound. Where prices of 40-50 cents a pound are used, 
which is similar to the range in the present investigation, the rates 
in rubber cases are 3.5 to 13.5 percent. 
The expected mean IRRs of 6,1 to 12.6 percent (where the 
investment is viewed as an estate operation) compare favourably with 
the above quoted performance on commercial estates. The IRR of 13.5 
percent, which is the highest among the cases of interest, took into 
consideration the latest ethylene yield stimulation technique. Apart 
from this, the large assumed size of the estate used in budgeting, 
10,000 acres, meant that benefits would be included from economies of 
scale in the employment of production inputs and in processing. The 
budget estate may also be assumed to be very efficient in its initial 
development and subsequent exploitation of rubber yields (Pee, 1971). 
Expected IRR versus the cost of capital. From the point of 
view of the sponsoring agencies it is more appropriate to compare the 
expected IRRs with the rate of interest on capital. This is because 
the IRR of a scheme can be viewed as the highest rate payable by the 
agency if it borrows the investment funds and uses resulting revenues 
to repay the loans and interest. It is assumed that the rate of 
interest also allows for futurity and for the risk associated with a 
project. 
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From the commercial standpoint, the cost of capital depends 
O 
directly on the sources from which the required funds are raised. The 
lower the rate of interest at which funds are secured, the more profitable 
is the project being financed likely to be, and vice versa. Mao explains 
that, in principle, the cost of capital is not necessarily 'a hurdle rate' 
in investment decisions, since much also depends on whether the prevailing 
situation is certain or uncertain and on whether the capital is rationed. 
Consider the perfect capital market in which any amount of funds 
can be raised at the prevailing market rate of interest. If conditions 
of certainty are assumed (i.e. a firm and buyers of its securities are 
assumed to have perfect knowledge of the present and future cash flows 
associated with its project), there is only one rate of interest which 
accurately reflects the return on the firm's marginal investment. If the 
investment outcomes are uncertain, the firm has to make allowance for the 
uncertainty in its project appraisal. 
Markowitz's portfolio selection model is one approach designed 
for making this allowance.'^ In short, the model suggests that an 
'efficient portfolio' should first be identified, defining this as the 
one with the smallest variance of return among all portfolios with the 
same expected return, and with the largest expected return among all 
those with the same variance in return. The next step is to determine 
the portfolio which provides the most suitable combination of risk and 
return. Central to the model is the condition that a high expected 
return is desirable and that uncertainty of return is undesirable. 
3 
The cost of capital from the social viewpoint will be examined in 
Chapter 8. 
4 
James C.T. Mao, o£. cit. , pp.372-376. 
^H.M. Markowitz, Portfolio Selection: Efficient Diversification of 
Investment (New York: John Wiley & Sons, Inc., 1959). 
226 
Where capital is rationed, the hurdle rate in investment 
decisions is no longer the cost of capital, irrespective of whether 
the investment outcomes are certain or not. The appropriate rate with 
which profitability is judged is the rate of return on marginal invest-
ments. Since funds that can be raised by a firm are limited, the return 
on the firm's marginal investment, which now has an IRR higher than the 
rate of interest on borrowed funds, more accurately reflects the cost of 
capital to the firm. This rate, which is the return foregone by the firm, 
is a constant under conditions of certainty; it is a random variable 
with a probability distribution under risky conditions. 
So far as land development schemes are concerned, shortage of 
money capital has not been a serious obstacle to the rate of development. 
Thus the rate of return on marginal investments is not a suitable discount 
rate to use, quite apart from the fact that it is hard to determine. The 
main difficulty has been non-financial, particularly the lack of technical 
and management personnel. The latter constraint to the implementation 
of projects in West Malaysia has already been mentioned. 
To determine the actual costs of capital associated with 
different types of land development, it is thus necessary to look at the 
sources of funds. These can be grouped into two classes, public funds 
controlled by the government agencies concerned, and private capital 
directly controlled by the settlers. Public funds are used to finance 
agricultural development up to the production stage, whilst private 
resources are mainly used over the production period. 
The F.L.D.A., which started its operation with $2 million in 
1957,^ has up to now been financed predominantly by the Federal Govern-
ment. Up to 1970, the total drawings from the Federal Treasury amounted 
^Federal Land Development Authority, Annual Report and Accounts: Twelve 
Months to 30th June, Kuala Lumpur, 1958, Appendix 11(1). 
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to slightly over $340 million. Of this sum about $251 million was in 
the form of loans carrying an interest rate of percent; the balance 
was interest-free grants provided to meet the costs of administration 
and central management. The Authority is also allowed to borrow, under 
the Land Development Ordinance,^ sums from international bodies for the 
financing of activities other than for loan repayment and debt - servicing. 
In 1958 it concluded an agreement with the Commonwealth Development Cor-
poration of Britain to borrow $5,145,250 (£600,000 Sterling at the 1961 
g 
exchange rate). This loan, which was not used until June 1961, was 
secured at an interest rate of 6% percent to be repaid by annuities 
amounting to £4315418 over a 25-year period beginning from 1970. In 
1964, however, interest charges totalling $347,336 were settled in full, 
and in 1970 the loan was fully repaid at the Malaysian dollar equivalent 
9 
of $4,4425400. Another loan of $8.4 million at an interest rate of 
6^ percent has been provided by the Asian Development Bank, 
o 
Two loans have also been granted by the World Bank for the 
development of the Jengka Triangle Project in Pahang.^^ The first loan 
amounted to $42 million, at an interest rate of 6% percent, and the 
second to $40 million at an interest rate of seven percent.^^ Total 
^Federation of Malaya, Land Development Ordinance No.20 of 1956, Section 12 g 
Federal Land Development Authority, 1958 annual report, op.cit., p.6. 
Q 
Federal Land Development Authority, (a) Annual Report and Accounts: 
Twelve Months to 30th June, Kuala Lumpur, 1964, p.86; (b) Annual 
Report 1970, Kuala Lumpur, 1971, p.15. The reduction in repayment 
was due to the devaluation of the pound in November 1967. 
The Jengka Triangle Project was recommended by the World Bank after a 
feasibility study in 1963. It includes the establishment of 75,000 
acres of oil palm, 65,000 acres of rubber, villages, and other areas. 
(Federal Land Development Authority, 1964 annual report, Ibid., 
pp.82-83; and First Malaysian Plan 1966-70, (The Government Press, 
Kuala Lumpur, p.118). 
^^Federal Land Development Authority, 1970 annual report, op.. c U . , 
p.15. 
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drawings from these two Loans had reached about $11,7 million at the end 
of 1970. An independent body known as the Jengka Development Corporation 
was formed in 1971 to directly administer this immense undertaking, 
including the development of a new town for a population of 80,000 people. 
Apart from the above, 17 F.L.D.A, schemes have been financed 
by grants, amounting to about $13.7 million by 1970, from the Rubber 
12 Industry (Smallholders New Planting) Scheme. This New Planting Scheme 
was set up in 1957, under the provisions of the Rubber Industry (Replanting) 
Fund Ordinance, 1952, with the objective of expanding the area under high-
13 yielding rubber. A sum of $30 million was allotted from the general 
Government revenue to assist block newplantings over the 1956-1967 period, 
14 
each qualified smallholder being provided with a grant of $400 per acre. 
The money received was credited back to the settlers on the projects 
concerned, thus reducing the amount of loan advanced to the settlers. 
In the case of State schemes the State governments have been 
the chief contributors. In certain States, financial assistance has 
also been provided in the form of loans from the Federal Government. 
The interest charged on the latter is usually five percent. In addition 
grants have also been provided by the Rubber Industry (Replanting) Board. 
Public funds employed on Fringe schemes throughout West Malaysia 
have been obtained from the Federal Government, with some assistance from 
State governments. A Federal subsidy of $49.6 million was budgeted for 
12 Ibid.. pp.16-17. 
^^Federation of Malaya, Official Year Book 1961, The Government Press, 
Kuala Lumpur, pp.227-228. The use of money raised through replanting 
cess to finance 'the creation of new smallholders' has been severely 
criticized by Lim Chong Yah as an abuse of Fund B (see Lim Chong Yah, 
'The Malayan Rubber Replanting Taxes', Malayan Economic Review, Vol. 
VI, No.2, October 1961, pp.43-52). 
"^^ For a description of this newplanting scheme, see Federation of Malaya, 
The Rubber Industry (Small-holders New Planting^Scheme 1957, Annual 
Report for the Year Ended 31st December 1959, Kuala Lum.pur, 
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this purpose over the period 1960-1970.^^ The amount was provided in 
the form of both Loans and grants to the State governments; the loans 
carried an interest rate of five percent per annum. As a general 
policy a settler was given a loan :iot exceeding $260 per acre. 
Private capital resources are secured in diverse ways. 
Detailed information was not gathered from the settlers, but limited 
evidence indicated that hoards had been used to finance certain new-
planting operations.^^ Little cash was said to be available from 
savings, whether through regulated or non-regulated institutions, for 
newplantings. The regulated institutions include Post Office Savings 
Banks, pawnbrokers and co-operative societies, whilst the commonest 
unregulated agencies are tontine (or wul) and kuthu organised by the 
Chinese and the Indians respectively.^^ The Malays do not have such 
unregulated agencies. Post Office Savings Banks are the most popular 
voluntary savings institution among the lower income groups of Malay 
For an account of this matter, see Tunku Shamsul Bahrin, 'A 
preliminary Study of the Fringe Alienation Schemes in West 
Malaysia', The Journal of Tropical Geography, ¥01,28, June 
1969, pp.75-83. 
^^Hoarding by various races in West Malaysia has been described by 
C. Gamba, 'Poverty and Some Socio-Economic Aspects of Hoarding, 
Savings and Borrowing in Malaya', Malayan Economic Review, Vol. 
Ill, No.2, October 1958, pp.33-62. Large hoards were believed 
to have been accumulated during 1951-1952 when high rubber 
prices had led to a boom in the Malaysian economy. More recently, 
substantial hoards in the form of cash were reported in West 
Malaysia when devaluation of the British Sterling in November 
1967 resulted in a rush to get rid of the old currency. 
^^Members of a group, usually 12 to 20 persons, pay a monthly sub-
scription and loan out the sum collected to a highest member-
bidder. The monthly subscription varies according to interest 
rate, which, in turn, depends on the urgency of the borrower's 
requirements. For a detailed account of various types of 
wui and kuthu, see C. Gamba, Ibid. 
230 
persons and have the advantage of being widely available/® Very few 
Malay settlers were believed to have these savings, however. 
Expenses incurred over the production period are met by pro-
ceeds from the sale of rubber. As will be seen in Chapter 9 cash pro-
duction costs (apart from loan repayments) are relatively low. 
So far as the use of savings in regulated agencies is concerned, 
the opportunity cost is the earnings foregone. The rates of interest 
paid on these deposits in the regulated agencies are from four to seven 
percent (Table 7.5). But an assessment of costs associated with the 
remaining bulk of private capital is one involving considerable subjec-
tivity, It may be argued that the rate of interest faced by the settlers 
is high, probably much higher than most market-determined rates (discussed 
below), because of their urgent need for cash income to satisfy current 
consumption. The high incidence of borrowing, sometimes at exorbitant 
rates, is a case in point. Again, everything being equal, a small 
borrower may have to pay a higher cost. From the lender's point of view 
there are economies of scale in processing loans and a small loan involves 
a greater risk. On the other hand, it may be said that the rate of 
interest faced by the settlers is low because of the lack of investment 
alternatives. 
For the purpose of this study, the rate of interest that settlers 
are charged on their loans by the F.L.D.A, or the State governments, as 
the case may be, is assumed as an appropriate measure of the cost of 
private capital. This is 6% percent on loans to F.L.D.A. settlers and 
It has been found that the volume of savings in Post Office Savings 
Banks is positively correlated with the movement in rubber price. 
In 1970, there were 1.7 million depositors with a total savings, 
including interest, of $269 million in West Malaysia. See P.J. 
Drake, The Developing Capital Market in Malaya, Ph.D. Thesis, The 
Australian National University, Canberra, 1966, p.230. Also, Bank 
Negara Malaysia, Annual Report and Statement of Accounts, 1970, 
Kuala Lumpur, 1971, pp.37-38. 
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five percent on those advanced to settlers in the State and Fringe 
schemes. These rates are broadly in line with the borrowing rates faced 
by the F.L.D.A, and the State governments. Because of this it is 
considered justified to employ an overall rate of interest for both 
public and private funds. It is difficult to choose varying rates of 
discount in practice, anyhow, however attractive this may be in theory. 
In view of what has been discussed it is considered reasonable 
to assume seven percent as the actual cost of capital involved in the 
F.L.D.A. schemes. For State and Fringe schemes a rate of five percent 
is felt appropriate. Comparing these borrowing rates with the estimates 
of expected mean IRR from the smallholding viewpoint (Table 7.1) shows that 
all F.L.D.A. cases, except Gedangsa,are economic. The expected return 
is more than adequate to repay the loans and the interest thereon. This 
is true of all the State schemes. For the Fringe schemes, four out of 
eight cases are economic. From the estate viewpoint the position is 
much better. Even in the worst situation the above interest rates are 
exceeded or equalled in most cases on the various types of scheme. 
Because of this it may be pertinent to ask whether it is desirable to 
employ settler-families on estate basis, as opposed to allotting separate 
holdings to them. This issue will be examined in the concluding chapter. 
Expected IRR versus opportunity cost of capital. The oppor-
tunity cost of capital is likely to be higher than the actual costs of 
capital detailed above. It is difficult to specify because of multiple 
market-determined rates of interest and varying investment alternatives. 
In West Malaysia a rate of 10 percent has been popularly assumed as an 
approximate measure of the opportunity cost of capital, and has been 
employed to discount cash flows associated with rubber and oil palm 
19 investments. 
^^T.J. Goering, 'A Note on Investment Decisions in Oil Palm and Rubber' 
Review of Agricultural Economics, Kuala Lumpur, Vol,2, No.1, June 
1968, pp.78-84. 
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In order to provide more information on this issue, a survey 
was made of yields from different types of investments. The results 
are summarised in Tables 7.4 and 7.5. Table 7.4 shows the 1970 yields 
on ordinary shares of companies classified as 'industrial and commer-
cial', 'property and development', 'hotel', 'tins and mines', 'rubber', 
and 'oil palm' in the gazette of the Stock Exchange of Malaysia and 
TABLE 7.4. GROSS DIVIDEND YIELDS ON ORDINARY SHARES OF COMPANIES LISTED 
ON THE STOCK EXCHANGE OF MALAYSIA AND SINGAPORE, 1970 
Type of Average 
• 1 yield (%) 
company 0 0.1-•5. ,9 6.0-^ 10.9 11 pi us Total 
Industrial 
and commercial 0 (51)' 4.4 (35) 7.8 (39) 12.9 (6) 4.5 (131) 
Property and 
development 0 ( 5) 5.1 ( 2) 9.0 ( 4) 18.5 (2) 6.4 ( 13) 
Hotel 0 (12) 4.6 ( 2) 9.7 ( 1) 11.1 (1) 1.9 ( 16) 
Tins & mines 0 ( 4) 4.5 ( 3) 9.0 ( 6) 15.2 (6) 8.0 ( 19) 
Rubber 0 ( 1) 4.6 ( 3) 8.0 (10) 12.9 (8) 10.5 ( 22) 
Oil palm 0 ( 3) - 10.4 ( 1) 14.8 (3) 10.4 ( 7) 
Gross dividends expressed as percentages of average market value of 
shares, weighted on the basis of paid up capital. 
Figures in brackets refer to numbers of companies. 
Source: Compiled from Stock Exchange of Malaysia and Singapore, Kuala 
Lumpur, Gazette, various issues in 1970 and 1971. 
Singapore. The 1970 gross dividends expressed as percentages of the 
average market values of shares ranged from 1.9 percent on shares issued 
by the hotel companies to 10.5 percent on shares of rubber plantations. 
The yields on oil palm shares are very close to those on rubber, averaging 
10.4 percent. The yields fluctuated widely about the mean values, 
particularly in respect to the industrial and commercial companies and 
hotels, reflecting the considerable risks involved. Many companies 
incurred losses, and others were unable to earn sufficient profits to 
declare annual dividends. 
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TABLE 7.5. ANNUAL RATES OF INTEREST CHARGED OR PAID BY VARIOUS 
FINANCIAL INSTITUTIONS, I970/I971 
Institution Interest paid on deposit (%) 
Interest 
on loan 
charged • (%) 
Commercial banks 3.00 -- 6.75 7.5 - 8.0 
Co-operative societies 5.75 • - 6.75 6.0 - 12.0 
Building societies 5.75 • -6.25 7.5 - 8.5 
Post office savings 
banks 4. ,00 -
Investment corporations 6.0 - 7.0 
Other financial insti-
tutions 4.50 " ^8.00 6.0 - 10.0 
Government securities^ 5.75 -- 6.50 -
Q Treasury bill 4.88 • -5.25 _ 
Interest paid on fixed deposit varies directly with the period, 
ranging from three percent on one month deposit to 6% percent 
^ on three year deposit. 
For the following periods: two, three, fivej seven, ten, 
twelve to fifteen and sixteen to twenty years. 
Discount rates for three, six, nine and twelve months. 
Sources: Compiled from (a) Bank Negara Malaysia, Quarterly 
Economic Bulletin, Vol.4, March 1971 and (b) Private 
communications with institutions concerned, 1971. 
Where investments are less risky the return is generally low 
as may be seen from the rates of interest paid on deposits with various 
institutions (Table 7.5). But the rates are stable, varying only 
according to the period for which the funds are invested or to the 
types of securities against which the loans are given. In 1970/1971, 
interest rates paid on fixed deposits ranged between three and eight 
percent per annum. The maximum rate paid by the commercial banks was 
6| percent on three-year fixed deposits. The bond rate varied from 
5% percent on securities maturing in two years to percent on 
securities maturing in 16 to 20 years, whilst the discount rate for 
treasury bills was to 5^ percent. Lending rates were naturally 
higher, ranging from six to 12 percent. 
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In public project evaluation, the bond rate is commonly used. 
This assumes that all funds are raised through the issue of Government 
securities. The bond rates in this instance are broadly similar to 
the actual costs of capital faced by the F.L.D.A. and the State govern-
ments. If, therefore, one accepts that the projects are financed 
through domestic borrowings, the yields on Government securities could 
be said to adequately reflect the opportunity cost of capital. 
However, the funds for land development are raised through 
taxation as well as through borrowing, and market-determined rates are 
higher than the Government borrowing rate. Thus a shadow rate of 
interest will probably provide a better guide to resource allocation 
in the general sense. This rate is likely to be higher than the 
five to seven percent assumed before, although it is difficult to say 
by how much. A really critical investigation of the shadow rate 
involves detailed breakdown of the sources of Government receipts so 
that the yields from alternative uses of money could be determined. This 
is a difficult exercise and is not considered justified in this study. 
20 
As a substitute, rough estimates are made to provide a broad indication. 
A scrutiny of public finance revealed that over three-quarters 
of Government receipts during 1965-1970 were derived from taxation, the 
21 
balance being domestic and external borrowing. These receipts were 
used to finance all public expenditures, including allocation for land 
development activities. Tax revenue may be classified into two main 
categories: (a) direct taxation comprising income tax, development tax, 
tin profit tax and estate duty and (b) indirect taxation covering export. 
20 
Adapted from J.V. Krutilla and 0. Eckstein, Multiple Purpose River 
Development: Studies in Applied Economic Analysis (Baltimore: 
The John Hopkins Press, 1958), pp.78-130. 
9 1 
Bank Negara Malaysia, Quarterly Economic Bulletin, Vol.4, No.1, 
March 1971, pp.37-38. 
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import and excise duties and other taxes. In 1970, a total tax 
revenue of $1,958 million was collected. This total has been split, 
after scrutinizing the nature of taxes and the composition of commo-
dities on which the different duties are levied, into two components: 
two-thirds of the total which is estimated to be generated from 'busi-
nesses' (including high income earners) and the remaining one-third 
which is estimated to come from 'households' (see Table G7.1). It is 
assumed that taxed money from businesses would have been invested else-
where, whilst that from households would have been used for consumption. 
In the assessment of proportions direct taxes were estimated to fall 
much more heavily on businesses than indirect taxes, about 85 percent 
of the total as compared to 56 percent. 
With regard to borrowing the Government has up to now depended 
predominantly on domestic sources. Very little use has been made of 
foreign loans, although this source has always been available to the 
Government. The Employees Provident Fund is the single major subscriber 
to the Central Government loans, contributing 46 to 48 percent of total 
22 
domestic borrowings in 1968-1970. Next in importance as subscribers 
were the commercial banks which contributed over one-fifth of total 
borrowings in the same period. The commercial banks were followed by 
Post Office Savings Banks, the Central Bank and other institutions. 
Having discovered the sources of capital the next step is to 
ascertain the yields from alternative investments had the funds not been 
diverted to the Government. First, consider the tax revenue. For 
individuals in the middle and high income groups, the returns to invest-
ment of the kind presented in Tables 7.4 and 7.5 are appropriate.and 
can be secured without much difficulty. As regards companies, the 
? 0 
Bank Negara Malaysia, 1970 annual report, op.cit., p.62. 
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returns foregone as a result of taxation can be expected to be sub-
stantially higher. An analysis of pre-tax company profits, expressed 
as percentages of paid up capital during 1965-1969, revealed that these 
averaged 22 to 32 percent from industrial and commercial companies, four 
to nine percent from property and development companies, nine to 15 per-
cent from hotels, 18 to 41 percent from rubber plantations and 10 to 28 
percent from oil palm (see Table G7.2). It is thus difficult to arrive 
at an acceptable opportunity cost of tax revenue falling on businesses. 
9 Q 
It has been suggested that a figure of 15 percent would seem reasonable. 
That part of taxes falling on consumption could probably be assumed to 
have zero opportunity cost, in that the money would have not been invested 
otherwise. 
Insofar as Government borrowings are concerned, these are 
largely voluntary. There has always been a good demand for Government 
securities as indicated by the fact that cash loans floated have always 
been over-subscribed. For example, it was reported that a loan of $100 24 
million in August, 1971 was over-subscribed by about 55 percent. In 
these circumstances it is unlikely that the yield from alternative 
investments would be very much more than those from high-yielding Govern-
ment securities. A comparison of yields presented in Tables 7.4 and 
7.5 tends to confirm this observation, as does a report by the Central 
Bank of Malaysia. Yields on ordinary shares of 25 industrial and 
commercial companies paying 'regular and relatively high rates of divi-
dends' were compared with yields on Government securities during the 
periods 1963-1968 and 1966-1970.^^ The yields on the ordinary shares 
23 
Malaysia, Treasury (Area Valuation Office), Kuala Lumpur, private 
communication, 1970. 2 / Straits Times, Kuala Lumpur, 2 September, 1971. 
t\ r 
Bank Negara Malaysia, Annual Report and Statement of Accounts, Kuala 
Lumpur, 1968 and 1970, pp.36 and 58 respectively. 
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reached a peak of 7.2 percent in 1966, and compared to 5.75 percent on 
Government securities with high redemption yields. Since then the 
mean yields on ordinary shares have been less attractive than those on 
securities, and in 1970 the rates of return were 5.6 and 6.5 percent 
respectively. 
In sum about two-thirds of tax revenue (three-quarters of 
total Government receipts) would have an opportunity cost of 15 percent, 
whilst the balance (domestic borrowings) would probably have earned 
returns similar to those on Government securities, say of six percent. 
The weighted average opportunity cost is thus nine per cent, one per-
cent lower than the commonly accepted opportunity cost of capital in 
West Malaysia. 
Referring to Table 7.1 again, it will be seen that, from the 
smallholding viewpoint, only four F.L.D.A., two State and one Fringe 
scheme can be expected to yield a mean IRR greater than nine percent. 
If best IRRs are achieved 12 of the 20 schemes pass this profitability 
test, whilst none is economic if worst IRRs are secured. From the 
estate viewpoint the investments then become very much more attractive, 
especially on the Fringe-type of operation: 11 of the 20 schemes 
studied can now be expected to have adequate mean returns to repay their 
loans and interest thereon. 
7.1.3, Improvement in Economic Performance 
The rates of return presented in Table 7.1 above are those 
expected to be achieved on the land development schemes established in 
1959-1961. Clearly, considerable experience has been gained since then, 
and this has undoubtedly benefitted the more recent projects. For 
example, current development costs on F.L.D.A, schemes are said to be 
lower without sacrificing the overall standard of establishment and 
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upkeep. Benefits also result from shortening the establishment period, 
which is feasible w i t h better planning, improved co-operation between 
the Central and State Governments, and efficient management and super-
vision. 
Another important feature to note is that higher yielding 
planting materials are now available in sufficient quantity for large-
scale planting. These have been used extensively, and will certainly 
raise productivity in the recently established State and Fringe schemes. 
Effect of planting materials on IRR. It has already been 
shown that there is a big difference in yields between the different 
types of scheme (see, for example. Figure 3.6, p.92). To gain an over-
all picture of this difference, the estimated annual yields within each 
type have been averaged, and the resultant averages of State and Fringe 
schemes have been expressed as percentages of those for the F.L.D.A. 
yields (Table G7.3). The average yields of the six F.L.D.A. schemes 
range from 678 lb per acre in the first year of tapping to a peak of 
about 2,000 lb per acre over the thirteenth to fifteenth year, giving 
an overall average of 1,523 lb per acre over the whole project life. 
The average yields of the State and Fringe schemes are about 80 and 70 
percent of the F.L.D.A. average respectively. 
The relatively poor yields, and hence expected low IRR, on the 
State and Fringe schemes can be mainly ascribed to the inferior planting 
material. It may be recalled (Table 2.1) that the clones used on the 
F.L.D.A. schemes are RRIM 513, RRIM 605 and RRIM 623, which are the 
highest yielders among the eight varieties found in the cases investi-
gated. In contrast, clones Tjir 1 CS, which has been shown to yield 
about 20 to 25 percent less than the three clones above, was planted as 
the sole material in four of eight Fringe schemes. Clones PR 107 and 
PB 86, which also yield about 20 percent less, are popular with the 
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State schemes. Other factors causing low productivity may be subsumed 
under 'management', although soil fertility and climatic conditions may 
also be important. It is not easy, however, in the absence of experi-
mental data, to indicate what would be the economic performance of the 
current low-yielding schemes if high-yielding trees similar to those 
employed by the F.L.D.A. were used. 
Table 7.6 records the average yields on commercial estates of 
those clones adopted by each type of scheme. The data, secured from 
the R.R.I.M. Commercial Register, are available for the first eight 
years of tapping. These indicate that the average yields of clones on 
the State and Fringe schemes are about 90 and 83 percent, respectively, 
of the average yield of clones on the F.L.D.A. schemes. If it is assumed 
that the 'average' conditions and standards of management are similar in 
the three groups of estates from which the Table 7.6 data were computed 
(a bold but acceptable assumption, since the estates are well distributed 
TABLE 7.6, AVERAGE YIELDS OF CLONES PLANTED IN F.L.D.A., STATE AND 
FRINGE SCHEMES DURING THE FIRST EIGHT YEARS OF TAPPING 
Year in 
tapping 
Average yields (lb/acre) of clones used in 
F.L.D.A. State Fringe 
1 773 619 (80.1)^ 650 (84.1) 
2 1073 879 (81.9) 791 (73.7) 
3 1221 1110 (90.9) 942 (77.1) 
4 1327 1241 (93.5) 1086 (81.8) 
5 1366 1300 (95.2) 1227 (89.8) 
6 1493 1352 (90,6) 1284 (86.0) 
7 1599 1435 (89.7) 1324 (82,8) 
8 1495 1343 (89.8) 1323 (88.5) 
Total 1293 1160 (89.7) 1078 (83.4) 
^Figures in brackets denote percentages in terms of the corresponding 
yields of clones used on F.L.D.A. schemes. 
Source: Botany Division, Rubber Research Institute of Malaya,., 1970, 
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geographically and the numbers involved are large), the differences in 
yield quoted may be attributed to planting materials. This leaves 10 
percent of the F.L.D.A.-State and 13 percent of the F.L,D.A.-Fringe 
yield differences (90 less 80 percent, and 83 less 70 percent respec-
tively) as attributable to management. 
In a special exercise, the average yields of the State and 
Fringe schemes have been adjusted upwards by 10 and 17 percent, to allow 
for the use of high-yielding material. All input costs, except those 
varying with output (e.g. duty and cesses), have been assumed to remain 
unchanged. Estimates of the mean, best and worst IRRs assuming on the 
one hand existing, and on the other hand identical clones (i.e. the same 
planting material on all types of scheme as on F.L.D.A. schemes) are 
compared in Table 7.7. The order of the IRRs between schemes is shown 
to be reversed in the identical clone situation. 
TABLE 7.7. ESTIMATES OF IRR IN 'AVERAGE' F.L.D.A., STATE AND FRINGE 
SCHEMES UNDER EXISTING CONDITION AND CONDITION WITH 
IDENTICAL CLONES 
Type of 
scheme 
F.L.D.A, 
State 
Fringe 
IRR with existing 
clones (7o) 
Best 
1 1 . 2 
9.8 
8.9 
Mean 
8.6 
6.7 
5.3 
Worst 
5.7 
4.0 
1 . 8 
IRR with identical 
clones ( 7 o ) 
Best 
11 .2 
1 2 . 0 
13.7 
Mean 
8.6 
9.9 
11.5 
Worst 
5.7 
7.0 
8.4 
These higher estimates may be criticised as being too optimistic, 
since no allowance has been made for possible interactions between the 
assumed high-yielding clones and other factors grouped under management. 
Thus the good clones may not turn out as expected on the Fringe schemes 
under relatively poor standards of management. But the beneficial 
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effect of using good planting materials can hardly be doubted, espe-
cially if they are accompanied by improved husbandry, 
7.2 ECONOMIC PERFORMANCE AT GIVEN COSTS OF CAPITAL 
This section assesses the commercial profitability of schemes 
at rates of interest fixed beforehand. The criteria used are the B/C 
ratio and the NPV. 
7.2.1, Worth at the Borrowing Rate of Interest 
Estimates of the expected mean B/C ratio and NPV discounted at 
five percent (for State and Fringe schemes) and seven percent (for 
F.L.D.A. schemes), are presented in Table 7,8. Two estimates of 
variabili ty, in terms of the standard deviation of the mean B/C ratio, 
are also quoted, one specifying the expected 'maximum' variation and the 
other expected 'minimum' variation (2.2.2,, Chapter 2). As explained 
before, this expected variability is due to a large extent to the 
assumed variation in yield (4.3., Chapter 4). 
A glance at Table 7,8 indicates that 15 out of 20 cases, or 
three-quarters of the schemes studied, produce mean B/C ratios greater 
than one. This means that, at the prevailing borrowing rates of 
interest, the investments in block newplantings are economically viable. 
Of the remaining five (one F,L,D,A. and four Fringe), four (all Fringe 
schemes) have mean B/C ratios ranging from 0.94 to 0.99. Cedangsa is 
the only scheme with a ratio less than 0,9, The expected absolute 
gains are measured by the NPV, which is the excess of total present 
revenue over total present cost. The NPV varies directly with the 
size of the project. For those schemes which have been shown to be 
profitable on the basis of mean B/C ratio, the NPV ranges from $66,700 
(Dua) to $1,307,700 (Labu), 
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TABLE 7.8. EXPECTED MEAN BENEFIT-COST RATIOS, THEIR STANDARD DEVIATIONS 
AND DISCOUNTED CASH FLOWS AT BORROWING RATE OF INTEREST^ 
Scheme 
Expected mean B/C ratio Discounted mean cash flow ($'000) 
Mean^ s.d. s.d. (2)d Revenue Cost NPV 
F.L.D.A. 
Serampang 1.15+0.14 0.04 0.19 5677,6 492.07 756.9 
Tenang 1.16+0.14 0.04 0.20 5292.9 4584.0 708.9 
Percha 1.10+0.14 0.04 0.19 5026.5 4580.6 445.9 
L.B.J. 1.09+0.14 0.04 0.19 5117.5 4679.6 437.9 
Awah 1.06+0.14 0.04 0.20 4605.7 4335.5 270.2 
Gedangsa 0.89+0.13 0,04 0,18 3742.8 4209.8 -467.0 
State 
Labu 1.22+0,12 0.04 0.17 7187.3 5879.6 1307,7 
Panchang 1.20+0.13 0,04 0.18 7061.6 5865.9 1195.7 
Gerbang 1,03+0.19 0.05 0,26 4871.2 4720.6 150.6 
Menderang 1.03+0.18 0,05 0.25 4750.0 4627.2 122.8 
Dua 1.01+0.16 0.05 0.22 4825.9 4759.2 66.7 
Pepuyu 1.02+0.18 0.05 0.25 4822.3 4737.9 84.4 
Fringe 
Timbol 1.17+0.15 0.04 0.21 5661.8 4841.7 820.1 
Gentam 1.10+0.18 0.05 0.25 5346.9 4866.0 480.9 
Purun 1.08+0.16 0.05 0.22 5019.6 4659.8 359.8 
Beranang 1.07+0.18 0.05 0.25 5043.1 4718.7 324.4 
Beting 0.99+0.18 0.05 0.25 4658.2 4706.0 -47.8 
Rambutan 0.96+0.19 0.06 0.27 4369.5 4547.3 -177.8 
Sahom 0.96+0.20 0.06 0.28 4118.3 4313.9 -195.6 
Halt 0.94+0.19 0.06 0.27 4197.7 4458.1 -260.4 
^Seven percent in the case of F.L.D.A. schemes and five percent in the case 
of State and Fringe schemes. 
The figure after plus or minus sign refers to the average standard 
deviation (see text). 
"^Standard deviation of expected mean benefit-cost ratio when independent 
cash flows are assumed. 
Standard deviation of expected mean benefit-cost ratio when perfectly 
correlated cash flows are assumed. 
243 
Table 7.8 shows that the 'minimum' standard deviations of the 
mean B/C ratio range from 0.04 to 0.06. The respective 'maximum' 
standard deviations are 0.17 and 0,28. The 'true' measure of varia-
bility is likely to be somewhere in between these two extreme values. 
As an approximation the average standard deviation is calculated for 
each mean B/C ratio. This is the square root of the sum of the squares 
of the maximum and minimum standard deviations (i.e. the sum of the 
maximum and minimum variances). In terms of the coefficient of varia-
tion (i.e. the standard deviation expressed as a percentage of the mean), 
the F.L.D.A. schemes exhibit a variability of the B/C ratio of about 11 
to 15 percent, as compared to 10 to 18 percent on State schemes and 13 
to 21 percent on Fringe schemes. 
If it is assumed that the 'best' condition prevails (defined 
by the expected mean B/C ratio plus one average standard deviation), 
the five schemes with a mean B/C ratio less than unity would become 
profitable; obviously, other schemes would be much more attractive. On 
the other hand, if the 'worst' condition turns out (defined by the 
expected mean B/C ratio less one average standard deviation)^ most 
schemes would be unprofitable. Of course the expected mean values 
serve as the best general indicator of expected profitability. 
7.2.2. Worth at Higher Opportunity Costs of Capital 
Estimates of the expected mean B/C ratio, the total revenue, 
the total cost and the NPV, discounted at nine percent (the opportunity 
cost of capital estimated on pages 237-238)are given in Table 7.9. 
Since a common rate of discount is used the schemes are ranked in order 
of descending B/C ratio. The commercial returns from investment are 
depressed at this higher rate of discount, as evidenced by a shrinkage 
in B/C ratio and NPV: only seven schemes (four F.L.D.A., two State and 
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one Fringe) exhibit mean B/C ratios greater than one, although most of 
the remainder would be acceptable if the 'best' condition materialized, 
TABLE. 7.. 9. EXPECTED MEAN BENEFIT-COST RATIOS, THEIR AVERAGE STANDARD 
DEVIATIONS AND DISCOUNTED CASH FLOWS AT 9 PERCENT 
RATE OF INTEREST 
Scheme Expected mean B/C ratio^ 
Discounted mean cash flow 
($'000) 
Revenue Cost NPV 
Serampang 1.07 + 0.13 4008,6 3737.5 271.1 
Tenang 1.07 + 0.13 37 37.8 3483.7 254.1 
Timbol 1.04 + 0.13 2638.2 2526.1 112.1 
Labu 1.05 + 0.10 3413.8 3263,4 150.4 
Panchang 1.03 + 0.11 3363,0 3257.7 1 05.3 
Percha 1.02 + 0.13 3549.9 3469.2 80.7 
L.B.J. 1.01 + 0.13 3608.4 3577.4 31 .0 
Awah 0.99 + 0.13 3259.9 3297.6 -37.7 
Gentam 0.99 + 0.16 2608.3 2646.2 = 37.9 
Purun 0.97 + 0.14 2420.1 2520.5 -100.4 
Beranang 0.96 + 0.16 2432.3 2545.5 -113.2 
Gerbang 0.90 i 0,17 2367.4 2618.1 -250.7 
Menderang 0.89 + 0.16 2279.6 2548.9 -269.3 
Pepuyu 0,87 + 0.16 2320.1 2653.0 -332.9 
Dua 0.86 + 0.13 2266.0 2641.2 -375.2 
Beting 0.89 + 0.16 2264.0 2556.5 -292,5 
Gedangsa 0.81 + 0.12 2650.8 3290,7 -639,9 
Rambutan 0.84 + 0.17 2098.8 2506.0 -407.2 
Sahom 0.82 + 0.18 1959.1 2382.0 -422.9 
Halt 0.81 + 0.17 2002.6 2472.1 -469.5 
'The figure after plus or minus sign refers to the average standard 
deviation. 
Since the discount rate acceptable to decision-makers is likely 
to vary both between agencies and between two time periods within an 
agency, measures of economic worth have been calculated using three 
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other rates of interest. These are six, eight and ten percent. The 
results are presented in Table 7.10, which shows that at a discount rate 
of six percent 12 schemes (five F.L.D.A., three State and four Fringe) 
produce mean B/C ratios greater than unity. When the discount rate is 
raised to eight percent^ nine of these schemes are profitable, the three 
TABLE 7.10. EXPECTED MEAN BENEFIT-COST RATIOS AND NPVs DISCOUNTED AT 
6, 8 AND 10 PERCENT 
Scheme 
Expectec mean B/C ratio Expected mean NPV ($"000) 
6% 87o 107o 6% 8% 10% 
1 
Serampang 1. 19 1. 11 1. 03 1019. 8 452. 0 91. 8 
Tenang 1. 19 1. 12 1. 03 1003. 0 444. 9 90. 7 
Timbol 1. 14 1. 08 1. 01 130. 7 52. 8 3. 6 
Labu 1. 18 1. 09 1. 00 832. 9 317. 9 -3. 4 
Panchang 1. 17 1. 07 0. 99 429. 1 152. 5 -22. 8 
Percha 1. 13 1. 06 0. 98 585. 4 200. 9 -39. 1 
L.B.J. 1. 14 1. 05 0. 97 594. 6 172. 9 -91. 9 
Awah 1. ,10 1. 03 0. 94 465. 4 93. ,5 -138. 1 
Gentam 1. .07 1, 02 0. 95 35. 1 6. ,1 -12. 8 
Purun 1. ,05 0. 99 0. 93 146. 0 -15, ,9 -117. 8 
Beranang 1, ,04 0. 99 0. 92 44. 6 -10, ,2 -44. 3 
Gerbang 1. ,01 0. 94 0. 87 6. 2 -94. .4 -157. 1 
Menderang 1, ,00 0. 93 0. 86 -8. 6 -122, .6 -192. 0 
Pepuyu 0, ,99 0. 91 0. 84 -29. ,3 -126, .4 -186. 0 
Dua 0. ,98 0. 90 0. 82 -29. ,5 -98 .1 -138. ,0 
Beting 0, .97 0. 91 0. ,85 -31, ,9 -60 .2 -77. ,4 
Gedangsa 0, .93 0. 85 0. ,76 -272, ,5 -454 .4 -559. ,7 
Rambutan 0, .93 0. 87 0. ,80 -89, ,2 -127 .6 -150, ,4 
Sahom 0, .92 0. 86 0. ,79 -63, .6 -88 .9 -103, ,6 
Halt 0. .91 0. 85 0. ,77 -64, .7 -84 .2 -95, .4 
uneconomic Fringe schemes being eliminated. At a discount rate of 10 
percent, however, only three schemes (two F.L.D.A. and one Fringe) have 
a mean B/C ratio greater than unity. 
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A detailed examination of Tables 7.1, 7.9 and 7,10 reveals 
that while the three investment criteria - IRR, B/C ratio and NPV -
invariably lead to the same decision as regards acceptance or rejec-
tion of a project, they may not be consistent in ranking a given set 
of projects. Ranking is not so important in this study in that many 
of the projects are not mutually exclusive. Some State and Fringe 
schemes sponsored by the State Governments are mutually exclusive, 
however, in that particular project was chosen at the expense of the 
other. The relationship between the three criteria used here is 
dealt with in detail in Chapter 11. 
7.3 DEVELOPING LAND SCHEMES VERSUS READY-DEVELOPED 
ESTATES 
One major disadvantage of investment in rubber, especially 
from the smallholder's point of view, is the lengthy development period 
during which expenditures are incurred but the trees are unproductive. 
On large estates, newplanting or replanting is appropriately phased so 
that the flow of revenue is not interrupted. This is not usually 
feasible on smallholdings, because their areas are usually too small 
to be split into two or more phases. Many smallholders who undertake 
replanting/newplanting therefore intercrop their immature rubber during 
the first two to three years of development, instead of establishing 
7 f, 
leguminous covers. This practice both helps to finance development 
operations and to provide the smallholder with cash income whilst his 
rubber is out of production and alternative employment is hard to come 
by. 
o C^ 
Lim Sow Ching, An Agro-Economic Study of Inter-Crops on Rubber 
Smallholdings, Rubber Research Institute of Malaya, Kuala 
Lumpur, Economic Report No,6, June 1969. 
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In all the subsidised land development schemes considered here, 
intercropping immature rubber is not allowed because of its alleged 
detrimental effect on the fertility and structure of the soil. Instead 
cover crops are established and maintained. While this cultural prac-
27 
tice is beneficial to the rubber trees^ it is very costly to adopt, 
and prevents the settlers from earning a badly-needed supplementary 
income. The amount of income earned from working off-farm by the 
settlers has been found to be meagre (9,3, Chapter 9). On F.L,D.A. 
schemes the settlers were provided with employment as well as cash. 
Settlers in most other schemes were not given cash allowances, however, 
since they lived outside the schemes and were believed to have other 
sources of income. As will be noted later, this belief is not borne 
out by fact and is partly responsible for the poor performance in the 
Fringe-type of strategy. 
The possibility of adopting intercropping as a means of 
increasing settlers' income in the early phase of development will be 
discussed in greater detail in the final chapter. This section examines 
whether it is feasible for the sponsoring agencies to purchase ready-
developed estates and then sub-divided them for distribution to the 
landless. Buying over estates in which fragmentation is imminent, as 
is being undertaken by the National Land Finance Co-operative Society 
28 Limited, is an example of this approach. 
27 
See T.C. Ti, T.Y. Pee and E. Pushparajah, 'Economic Analyses of Cover 
Policies and Fertilizer Use in Rubber Cultivation', Planters' 
Conference, Kuala Lumpur, July 1971, Preprint. 
? Q 
A co-operative society formed in May 1960 with the aim of solving 
unemployment resulting directly from the fragmentation of estates, 
particularly in the rubber industry. Between 1960-1970, 19 
estates totalling 29,630 acres were bought by the Society, which 
now has a membership of over 65,000. (See The National Land 
Finance Co-operative Society Ltd., Growth and Arhievement Through 
a Decade 1960-1970, Kuala Lumpur, May 1970). 
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An attempt has therefore been made to compare the commercial 
profitability of developing F.L.D.A.-type of scheme and of directly 
acquiring ready-developed estates. The following situation is envi-
saged: the estates for sale, or areas developed for the government, are 
ready for exploitation immediately after take-over and their standards 
of upkeep and general field conditions are similar to those on the six 
F.L.D.A. schemes examined here. This simplification enables estimates 
of cost and revenue pertaining to the F.L.D.A. schemes to be used 
directly in the analysis. The only extra analysis involved is to 
determine the initial amounts of investment in the assumed ready-developed 
estates. Similar comparisons are not made with the State and Fringe 
schemes because estates developed by the private sector can easily measure 
up to the F.L.D.A. standard. 
The purchase price prevailing in the market should adequately 
reflect the maximum amount of initial capital that would be involved. 
It varies not only with the quality and the standard of the estates con-
cerned, but also according to locality. For estates which have just 
been opened for tapping, a price range of $ 1,500-$2,500 per acre has been 
2 9 
reported. Generally, estates have lower market value than smallholdings, 
partly because smallholders attach a greater value to land ownership. In 
a 1968 survey,^^ the author found that prices ranging from $800 to $1,700 
per acre were actually paid for stands below 14 years of age on small-
holdings. For holdings just brought into tapping, a market value of 
$2,500 to $3,000 per acre was quoted (but no sales were recorded) in 
certain localities (e.g. the Mantin area in Negeri Sembilan). Whether 
^^Rubber Research Institute of Malaya, Estates Advisory Service Division^ 
Private communications, 1971. 
^°Rubber Research Institute of Malaya, Unpublished results of 1 9 ^ 
Smallholdines Survey, 1969. 
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on an estate or a smallholding the purchase price is likely to be 
higher than the actual cost of development. 
In the ensuing comparison estimates of 'mean' IRR are derived 
for the F.L.D.A, schemes and for the assumed (ready-developed) estates, 
valued at $2,000 to $3,000 per acre. These costs are incurred at the 
time of buying the estates, as opposed to the development expenditures 
spread over a seven to eight year period on the F.L.D.A. schemes. Both 
alternatives are assumed to have the same revenues, and production and 
maintenance expenses, once productionof rubber commences. The cash 
flows of the F.L.D.A. schemes are truncated at the end of the thirtieth 
year (i.e., a development period of 8 years followed by a production 
period of 22 years, as compared to 30 years of tapping on the ready-
developed estates) . 
The results are presented in Table 7.11, which indicate that 
purchasing ready-developed estates is commercially more attractive, 
TABLE 7.11. ESTIMATES OF IRR FROM INVESTMENTS IN F.L.D.A.-TYPE DEVELOP-
MENT AND IN READY-DEVELOPED ESTATES WITH SIMILAR CONDITIONS 
Type of deve- IRR'^  (7C) of schemes/estates with conditions similar to 
lopment and 
cost^ ($/acre) Serampang Tenang Percha L.B.J. Aw ah Gedangsa 
F.L.D.A.-type 10.4 10.4 9.2 8.8 8.3 3.8 
development*^ (2101.6) (1889.9) (1650.1) (2066.7) (2094.9) (2417.7) 
Ready-developed 
estates 
2000 14.6 13.5 11. 1 11.9 9.5 5.3 
2200 13.1 12.1 9.9 10.6 8.3 4.3 
2400 11.8 10.9 8.8 9.6 7.3 3.5 
2600 10.7 9.8 7.9 8.6 6.4 2.7 
2800 9.8 8.9 7.1 7.8 5.6 2.1 
3000 8.9 8.1 6.3 7.0 4.9 1.5 
I^Fixed cost of investment incurred in the first year of project life. 
On mean net cash flows. The IRR may deviate two to four percent one way or 
the other according to the mean net cash flow + one standard deviation 
^ from the mean values. 
Figures in brackets denote total development costs of F.L.D.A.-type of 
development, compounded at nine percent interest over a period of 
eight years. 
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provided the market prices do not exceed $2,200 to $2,400 per acre. 
Where the conditions of the estates are superior (e.g. equivalent to 
Serampang) the investment is still economic at a market price of $2,600 
per acre. The actual development costs of the F.L.D.A. schemes, com-
pounded at nine percent over the eight-year period, range from $2,095 
to $2,418 per acre. Except for Gedangsa these compounded costs are 
lower than the market prices quoted above. 
The 'break-even' purchase prices at which the discounted total 
net returns of ready-developed estates are equal to the discounted total 
net returns of the F.L.D.A. schemes are given in Table 7.12. These 
indicate the upper limit beyond which investment in the former alternative 
is no longer an economic proposition. At a discount rate of seven per-
cent, the break-even price ranges between $1,622 per acre (for estates 
equivalent to Gedangsa in terms of performance) and $3,637 per acre (for 
estates equivalent to Serampang). The range is $1,244 to $2,838 per 
acre at a discount rate of 10 percent. The calculation exhibits that 
the break-even value decreases, at a rate of $200 to $250 per acre, as 
the discount rate is raised by one percent. 
TABLE 7.12. BREAK-EVEN PURCHASE PRICES FOR INVESTMENT IN READY-DEVELOPED 
ESTATES AS COMPARED TO F.L.D.A.-TYPE OF DEVELOPMENT 
Estate 
Serampang 
Tenang 
L.B.J. 
Percha 
Awah 
Gedangsa 
Break-even purchase price ($/acre) at 
TL 
3416 
3002 
2893 
2514 
1622 
8% 
3332 
3130 
2739 
2649 
2306 
147 9 
97o 
3068 
2883 
2510 
2439 
2125 
1354 
107c 
2838 
2667 
2311 
2256 
1967 
1244 
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The significance of the above is that the lower the rate of 
interest at which funds can be raised, the higher will be the break-
even purchase price. This means that it is commercially more attrac-
tive to acquire ready-developed estates, as compared to F.L.D.A.-type 
of development, when relatively low-cost capital funds are available. 
A high cost of capital tends to discourage such investment. 
A further discussion of the merits of ready-developed estates, 
and of the limitations likely to be involved in the undertaking, is 
given in the final chapter. 
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CHAPTER 8 
EVALUATION OF SOCIAL COSTS AND SOCIAL BENEFITS 
This chapter considers the merits of land development from 
the social viewpoint, an approach which involves the shadow-pricing 
of inputs and outputs. As before, the performance in social value 
terms is judged on the basis of the IRR, B/C ratio and NPV. Various 
other considerations which are not taken into account by these 
criteria are also examined. 
8.1 SOCIAL PROFITABILITY 
8.1.1. Expected Social Rates of Return 
As in the assessment from the commercial viewpoint, there are 
three estimates of expected social IRR for each scheme. These are the 
'mean' social IRR pertaining to the mean net cash flow, and the 'best' 
and 'worst' social IRRs (the mean net cash flow plus and minus one 
standard deviation of the mean values respectively). 
Two striking features are apparent from the results presented 
in Table 8.1. First, the social IRR is very much higher than the 
commercial IRR, but exhibits less variation both between schemes and 
within a scheme. The other is that the difference in relative perfor-
mance between the three types of land development programme is no longer 
apparent. The rate ranges between 18.7 and 24.9 percent in terms of 
the mean social IRR, 20.7 and 27.4 percent in terras of the best social 
IRR and 14.9 and 23.4 percent in terms of the worst social IRR. The 
mean social IRRs average 23.3, 22.2 and 22.7 percent on the F.L.D.A., 
State and Fringe schemes respectively. .. 
The high social IRR, as compared to the commercial IRR, is the 
direct result of shadow-pricing. In land development activities, the 
market price tends to over-value physical inputs, particularly labour. 
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TABLE 8.1. EXPECTED MEAN, BEST AND WORST SOCIAL INTERNAL RATES OF 
RETURN 
Expected social IRR a ) Scheme 
Best Mean Worst 
F.L.D.A. 
Serampang 26.6 24.8 22.7 
Tenang 26.8 24.9 22.8 
Percha 26.5 24.5 22.2 
L.B.J. 25.1 23.2 21.1 
Awah 25.4 23.5 21.1 
Gedangsa 20.7 18.7 16.2 
Average 25.2 23.3 21.0 
State 
Labu 25.8 24.7 23.4 
Panchang 25.1 23.5 21.7 
Gerbang 25.7 22.7 18.8 
Menderang 25.7 22.6 18.8 
Dua 21.1 19.1 16.5 
Pepuyu 23.4 20.7 17.3 
Average 24.5 22.2 19.4 
Fringe 
Timbol 26.6 24.8 22.6 
Gentam 27.4 24.7 21.4 
Purun 26.5 24.3 21.5 
Beranang 27.3 24.8 21.5 
Beting 26.0 23.4 19.9 
Rambutan 23.5 20.4 16.4 
Sahom 23.2 20.0 15.7 
Halt 22.3 19.1 14.9 
Average 25.4 22.7 19.2 
and to under-value the yield of rubber. Table 8.2 indicates that the 
total social cost, after shadow-pricing, accounts for only 35-37 percent 
of the total costs envisaged from the commercial point of view. This 
is because labour, which has a low social value, makes up more than half 
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of total input costs. As explained in Chapter 6, all labour costs, 
which are predominantly those of direct family labour on tapping and 
maintenance, have been re-valued downward using a factor of 0.263 
(Table 6.5, p.190) to allow for the fact that the labour would have 
been unemployed or underemployed elsewhere in the economy. In addition 
taxes, which are not considered as costs from the social viewpoint, 
amount to about one-fifth of total commercial expenditures. Over 90 
percent of the taxes are in the form of export duties, replanting cess 
and research cess, and are therefore benefits to the country as a whole; 
these account for about 16 percent of total export receipt from rubber 
(Table 8.2). 
TABLE 8.2. A BREAKDOWN OF INPUT COSTS BASED ON MARKET PRICES AND THEIR 
TOTAL VALUE IN SHADOW PRICE TERMS 
Scheme 
Cost components, % 
total market cost Social cost as proportion of^ 
commercial cost 
Duties and cesses 
as proportion of 
commercial cost^ Labour Tax^ Balance*" 
F.L.D.A. 51.5 22.0 26.5 34.7 16.2 
State 55.4 21.2 23.4 36.8 16,2 
Fringe 55.3 20.2 24.5 37.3 16.5 
Wages of both direct and indirect labour; direct labour forms about 80 
^ percent of total. 
Export duty, cesses and taxes on other inputs. 
^Largely material costs. 
Social cost in shadow-price terms. 
Export duties and replanting and research cesses as a percentage of 
export value. 
Since all inputs and outputs are shadow-priced in terms of 
foreign exchange, there is relatively less variation in costs, parti-
cularly those involved in production, between types of schemes. This 
coupled with the relatively low development expenditures (Tables 5.1 
and 5.2, pp.130 and 132), explains the dramatic improvement of Fringe 
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schemes in social value terms. Thus from the national viewpoint, the 
low-cost Fringe-type of development strategy is equally attractive, and 
assuming that land development is required large-scale public sector 
prosecution of this strategy is socially desirable on the basis of the 
social IRR. 
Social discount rate. It remains to be answered as to whether 
the land development schemes are socially profitable, i.e. can the 
capital resources be more economically employed elsewhere, and what is 
a reasonable magnitude of social IRR? The issue hinges on determination 
of a social discount rate, which is a very controversial subject 
involving both conceptual and practical difficulties. A survey of the 
literature^ shows that two main types of social discount rate have been 
universally advocated: (a) The shadow price of the market-determined 
interest rate, or social time preference, which reflects a society's 
evaluation of the relative desirability of consumption at different 
There is an extensive literature in this field. Some of the books and 
articles referred to are: 0. Eckstein, 'Investment Criteria for 
Economic Development and the Theory of Intertemporal Welfare Economics', 
The jjuarterly Journal of Economics. Vol. LXXI, No.l, February 1957, 
pp.56-85; M.S. Feldstein, 'Net Social Benefit Calculation and the 
Public Investment Decision', Oxford Economic Papers, Vol.16, No.l, 
March 1964, pp.114-131; M.S. Feldstein, 'Opportunity Cost Calculations 
in Cost-Benefits Analysis', Public Finance, Vol.XIX, No,2, 1964, pp. 
117-139; M.S. Feldstein, 'The Social Time Preference Discount Rate on 
Cost-Benefit Analysis,' The Economic Journal, Vol.LXXIV, No.294, June 
1964, pp.360-379; J. Hirschliefer, J.C. Dettaven and J.W. Milliman, 
Water Supply: Economics, Technology and Policy (Chicago: University of 
Chicago Press, 1960); J.V. Krutilla and 0. Eckstein, Multiple Purpose 
River Development: Studies in Applied Economic Analysis. (Baltimore: 
The John Hopkins Press, 1958); S.A. Marglin, 'The Social Rate of Dis-
count and the Optimal Rate of Investment,' Quarterly Journal of Econo-
mics, Vol.LXXVII, No.l, February 1963, pp.95-111; S.A. Marglin, 'The 
Opportunity Costs of Public Investment,' Quarterly Journal of Economics, 
Vol.LXXVII, No.2, May 1963, pp.274-289; R.N. McKean, Efficiency in 
Government Through Systems Analysis: With Emphasis on Water Resources 
Development (New York: John Wiley & Sons, 1958) and I.M.D. Little and 
J.A. Mirrlees, Manual of Industrial Project Analysis in Developing 
Countries, Volume II:Social Cost-Benefit Analysis. (Paris: Development 
Centre of the Organisation for Economic Co-operation and Development, 
1968), especially Chapters III and XIV. 
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points in time. Little and MirrLees term it the 'consumption rate of 
interest', since this is the rate at which future consumption ought to 
be discounted to make it the equivalent in value of present consumption,^ 
(b) The social opportunity cost which measures the value to the society 
of the next best alternative use of funds being assessed. There is also 
the opinion that optimal allocation of resources requires a combination 
of both the social time preference and social opportunity cost so as to 
reflect the governments' policy objectives. 
In the practical evaluation of investment projects, however, 
economic analysts normally choose a market-determined interest rate 
thought most appropriate to the circumstances concerned, on the bold 
assumption that it reflects the social time preference and the social 
opportunity cost. For in practice the issue of social discount rates 
involves strong ethical judgements on the welfare of present individuals 
as opposed to future generations, and is hard to determine. For 
example, there are divergent views as to whether the test rate of dis-
count ought to reflect the preferences of present individuals only, or 
the Pigovian formulation that the preferences of the present generation 
should not be allowed to determine the income of future generations.^ 
There is also the problem of inequality or distribution of benefits 
between individuals of a given point in time. But in so far as this 
problem is concerned, it is generally assumed that governmental measures 
are adequate in achieving a greater equality in the distribution of 
wealth. 
The government borrowing rate is the oldest rate used in 
social benefit-cost analysis and is still widely accepted. It is 
2 
Little and Mirrlees, Ibid., p.40. 
3 
A.C. Pigou, The Economics of Welfare (London: Macmillan and Co, Ltd., 
1948), pp.23-30. 
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implicitly assumed that the rate is risk-free. This is not true, 
since there are 'borrower's risk' concerning the success of public 
projects and 'lender's risk' related to the government's repayment 
ability. It is also not entirely true that all loans to government 
are voluntary, and that public projects are financed wholly by this 
means. Other discount rates chosen are usually based on rates of 
return that might be estimated from company accounts, industrial sur-
veys, interviews and other sources. For example, the average rate of 
return currently being earned in the private sector of the economy 
might be employed as a useful guide to the social discount rate. The 
actual use of a rate of interest prevailing in the private sector is 
pred icated on the assumption that funds employed in public projects 
might have been used in private investment. This is not strictly 
correct. For one thing, part of the funds secured through taxation 
would actually lead to curtailment of consumption rather than investment. 
Using any one of the above opportunity costs of capital as a 
social discount rate necessarily implies that the time preference of 
present individuals are accepted for intertemporal decisions. In 
deference to social time preference, therefore, the rate of interest is 
usually adjusted according to a subjective judgement of the government's 
policy objectives, especially with regard to saving and consumption. As 
already indicated in the discussion of the shadow wage rate (6.3.1., 
Chapter 6), the market-determined opportunity cost of capital may be 
adjusted downwards if the government takes the view that one dollar saved 
is worth more than one dollar consumed. If current consumption is valued 
more than the saving, a social discount rate higher than the market rate 
would be preferred, A relatively high social discount rate would dis-
courage the undertaking of more projects than originally aimed for, 
whilst a relatively low rate would have the reverse effect. Ideally, 
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the social discount rate should be such that the total investment funds 
available are just sufficient to carry out a required number of projects 
in such a way that the marginal project is the last one with a positive 
present net social value. This implies that the hurdle rate of discount 
is constrained by the capital resources. Obviously this rate is diffi-
cult to define, and evidence can only be gleaned from a series of social 
cost-benefit analyses of public investment projects, or information 
available from past project studies. 
In West Malaysia, there is a dearth of evidence of social 
returns from project studies, and it is therefore difficult to guess at 
what should be the reasonable magnitude of social IRR. The yield of 
Malaysia's foreign portfolio investments may provide a guide as to the 
social opportunity cost of capital. This fluctuates greatly, depending 
on international monetary developments, types of investment, monetary 
policies and currencies of the countries in which investment is made. 
In the past few years, foreign investments have been earning short-term 
interest rates of 5-11 percent on time deposits in the United States, 
the United Kingdom and Euro-dollar market, whilst the long-term interest 
rates on corporate bonds and Government securities in the United States 
and the United Kingdom have oscillated predominantly between 8 and 12 
percent.'^ Little and Mirrlees have stated in this connection that the 
discount rate 'should certainly not be less than what can be earned by 
portfolio investment abroad'.^ They believe that most developing 
economies could easily expect a social IRR of 10 percent from investments 
in industrial projects, and that 15 percent is within reach in certain 
countries. 
Bank Negara Malaysia, Investment Department, Private communications, 
1971. For an account of interest rates in the major industrial 
countries, see Bank Negara Malaysia, Annual Report and Statement of 
Account 1970, Kuala Lumpur, 1971, pp.7-8. 
^Little and Mirrlees, o£..£it. , p. 96. 
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Recently Little and Tipping found that the social IRR generated by 
one oil palm estate in West Malaysia was in the order of 18,9-20.0 percent, 
depending on whether a 'high', 'central', or 'low' shadow wage rate 
was assumed.^ As mentioned before this study was based on the Little/ 
Mirrlees shadow pricing method; the results are therefore directly 
comparable to those presented in Table 8,1. For comparison Little and 
Tipping have also attempted in the same study to find the social IRR on 
investments as described in two of the studies of rubber and oil palm 
model estates referred to earlier.^ They re-valued the time streams 
(all valued at market prices in the original studies) in shadow price 
terms, and found that the social IRR ranged from 19,4 to 34,2 percent 
for the oil palm cases and was 25,5 percent for the only rubber case 
taken. To a fairly large extent the difference in social returns from 
the oil palm investments can be ascribed to different assumption as to 
the price and proportion of kernel in total crop. 
The social IRR estimated by Little and Tipping, using the 
'model' rubber estate envisaged by Bevan, Goering and Yunus, is of 
particular interest. This is because the model is based on the F.L.D.A. 
schemes in which the relatively high standard assumed was considered 
achievable. The assumed price of 45-55 cents a pound are also more or 
less in line with those taken in the present study. The estimated 
social IRR of 25.5 percent is marginally higher than the expected mean 
I.M.D. Little and D.G. Tipping, A Social Cost-Benefit Analysis of the 
Kulai Oil Palm Estate, West Malaysia. Nuffield College, London, 
July 1970, (mimeograph), 
^J. Bevan and T,Goering, 'The Oil Palm in Malaysia: An Estimate of 
Product Prices and Returns to Investment' in P.D. Turner (ed,) Oil 
Palm Developments in Malaysia (Kuala Lumpur: The Incorporated 
Society of Planters, 1968); and T. Goering, J. Bevan and M, Yunus, 
Another Look at Rates of Return from Oil Palm and Rubber Investments, 
Federal Land Development Authority, Kuala Lumpur, Internal Paper, 
1969 (see Table 7.3, p.223), 
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value of IRR on the 'above average' F.L.D.A, schemes (Serampang and 
Tenang); it is about one percent lower than the best IRRs of the two 
'above average' schemes. Since the model estate is assumed to be 
operating under the efficient management and supervision of the F.L.D.A. 
type, its social IRR may be considered as the 'upper' limit of returns 
from investments in rubber. This is around 26 percent. 
The lowest social IRR found in the present study is the 14.9 
percent generated by Halt under the specified worst condition. This 
case was originally chosen to approximate those schemes classified 
under 'below average' in the Fringe alienation group. The rate is 
nevertheless higher than the yield from the overseas portfolio investment 
quoted above. It is also at the high limit of the 10-15 percent 
believed by Little and Mirrlees to be easily achievable from industrial 
investments in developing countries. But because of the predominant 
labour component in land development and the low social cost of this 
production factor it is perhaps reasonable to regard the rate of 15 
percent as the marginal social IRR of rubber investment in land develop-
ment schemes. 
In view of what has been said it is beyond doubt that most 
land development schemes are highly profitable socially. This is true 
even under the worst condition envisaged. The Government's policy of 
encouraging public-sector participation in land development as a major 
strategy in improving the living standards of the rural population is 
therefore confirmed as desirable economically. 
8.1.2. Social Benefit-Cost Ratio and Social Net Present Value 
Table 8.3 sets out, respectively, the estimates of expected 
social mean B/C ratio and expected social mean NPV discounted at 10 
and 15 percent. The relevant total present revenues and total present 
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costs are given in Table G8,1. The variability is denoted by the 
average standard deviation (the square root of the sum of squares of 
the maximum and minimum standard deviations), 
TABLE 8.3. EXPECTED SOCIAL MEAN B/C RATIOS AND EXPECTED SOCIAL MEAN 
NPVs DISCOUNTED AT 10 AND 15 PERCENT 
Scheme^ 
Expected mean B/C ratio'^ Expected mean NPV 
($'000) 
10% 157. 10% 15% 
Labu 2.74 + 0.25 2.00 + 0.17 1685.1 613.2 
Panchang 2.67 + 0.29 1.91 + 0.20 928.5 326.7 
Timbol 2.66 + 0.34 2.01 + 0.25 313,9 112,8 
Tenang 2.61 + 0.32 1.93 + 0.23 1906.3 702.5 
Serampang 2.57 + 0.30 1.90 + 0,22 1928.2 708.1 
Gentam 2.46 + 0.40 1.90 + 0.31 151.2 57.0 
L.B.J. 2.43 + 0.31 1.77 ± 0.22 1474.9 511,2 
Percha 2.42 + 0.30 1.82 + 0.22 1469.0 532.5 
Beranang 2.41 + 0.41 1.87 + 0.31 310.5 115.5 
Purun 2.37 + 0.34 1.82 + 0.26 857.9 312.9 
Awah 2.31 + 0.30 1.72 + 0.22 1494.5 565,9 
Gerbang 2.27 + 0.42 1.70 + 0.33 579.3 201.7 
Menderang 2.26 + 0.41 1.69 + 0.32 644.6 220.4 
Beting 2.15 + 0.38 1.67 + 0.29 245.5 87.2 
Pepuyu 2.14 + 0.39 1.55 + 0.29 501.5 155.8 
Sahom 2.04 + 0.44 1.48 + 0.34 193.4 56.7 
Rambutan 2.02 + 0.42 1.49 + 0.32 309.2 94.1 
Dua 2.00 + 0.31 1.40 + 0.21 306.7 79.0 
Halt 1.93 + 0.41 1.39 + 0.31 156.8 42.5 
Gedangsa 1.82 + 0.27 1.31 + 0.19 832,2 200.8 
^Ranked according to the social B/C ratio discounted at 10 percent. 
Figures quoted next to the mean values are the average standard 
deviations. 
The lower discount rate of 10 percent - the mid-point of the 
range of 8 to 12 percent earned from the Government's investments 
abroad in corporate bonds and securities quoted earlier - is assumed to 
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be the likely social opportunity cost of capital. This is taken as 
the lower limit, and the sacrifice in terms of foreign exchange (the 
yardstick by which social costs and benefits from the land schemes are 
measured) as a result of channelling capital resources to land deve-
lopment. The higher discount rate of 15 percent is the rate believed 
to be a reasonable approximation of the social marginal rate of return 
on such investments. If capital resources are rationed, the social 
IRR from the marginal projects would be a better yardstick in resource 
allocation. The constraints to the various types of development will 
be examined in the last chapter. 
The results summarised in Table 8.3 show that, at a discount 
rate of 10 percent the social mean B/C ratios vary from 1.85 to 2.74, 
indicating high social profitability. The social mean B/C ratios still 
are substantially greater than unity when discounted at 15 percent, 
giving a range of 1.31 - 2.00. The social profitability is assured 
even under the worst situation caused by the expected variability in 
both yield and price. Thus the lowest ranking mean social B/C ratio 
minus the average standard deviation (at Gedangsa) is 1.58 (1.85 less 
0.27) when the rate of discount is 10 percent and 1.12 (1.31 less 0.19) 
when the rate of discount is raised to 15 percent. Of the 10 best 
schemes, ranked on the basis of their B/C ratios, 4 are F.L.D.A., 4 
Fringe and 2 State schemes. 
The social profitability is also reflected in the positive 
NPV. The magnitude of the latter is heavily dependent on the size of 
the project. Thus in spite of the fact that Gedangsa is least profitable, 
in terms of the B/C ratio, its NPV discounted at 10 percent ($832,200) is 
greater than the NPVs of 11 other schemes. As in the assessment from 
the commercial viewpoint, the ranking of projects on the basis of the 
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three investment criteria varies somewhat (compare Tables 8.1 and 8.3). 
This aspect is examined in detail in Chapter 11. 
8.2 OTHER CONSIDERATIONS 
From the nation's point of view, there are other considerations 
which should be taken into account in the evaluation of land development 
programmes. These are issues relating to the extent of employment of 
settlers, revenue to the Government, the accompanying provision of 
public amenities and social facilities, and those 'external' effects 
which have not been fully allowed for in the shadow-pricing procedure. 
8.2.1. Employment Potential 
Since West Malaysia is endowed with plentiful land, the provi-
sion of maximum employment at minimum cost is of paramount importance. 
For a given quantum of capital resources the Government can create more 
or less employment, depending on the land development strategies: high-
cost development will benefit smaller numbers of settlers than the low-
cost programmes, and vice versa. 
To provide an indication of the extent of employment potential 
offered by the F.L.D.A., State and Fringe types of strategy, employment: 
capital ratios have been computed (Table 8.4). The employment is 
expressed in terms of (a) the numbers of families settled and (b) the 
total numbers of persons supported on the schemes. The 'capital' refers 
to the total public funds incurred on agricultural development over the 
immature period of rubber growth, and on settlers' housing. Two sets of 
ratios are presented, one based on the existing size of holdings and the 
other assuming a constant holding size. In the latter situation, the 
holding area of 7.8 acres (mean value of the F.L.D.A. schemes) is assumed 
on all schemes. This means that the numbers of families, and hence the 
total population, on a given scheme with the same planted acreage as 
264 
before are reduced. Only in three schemes where the original average 
size of holding is greater than 7.8 acres (Serampang, Tenang and Percha) 
are the assumed numbers of families greater after the adjustment. The 
calculation based on the equal size of holding eliminates differences in 
numbers of settlers arising from varying sizes of holding and provides a 
more meaningful comparison. 
Table 8.4 shows a wide variation in employment arising from 
every $10,000 investment of public funds in the three types of land 
development. As might be expected, F.L.D.A.-type schemes turn out to 
be the most 'capital-intensive', as attested by the low 'family:capital' 
and 'supported person:capital' ratios. For every $10,000 investment 
they provide, on average, employment for only 0,78 settler families as 
TABLE 8,4, EMPLOYMENT:CAPITAL (PUBLIC FUNDS) RATIOS ON SCHEMES UNDER 
EXISTING AND ASSUMED CONDITIONS OF HOLDING SIZE 
Employment per $10,000 of ] public funds 
a Item F.L ,D.A. S t ; a t e F r i n g e 
Family Supported person Family 
Supported 
person Family 
Supported 
person 
Existing holding 
size^ 
Average ratio 0,78 6.84 1.68 13.43 4.96 35.91 
Highest ratio 0,84 8.00 2.52 19.63 6.25 54.34 
Lowest ratio 0,74 5.85 1.12 10.86 3.16 21.16 
Assumed holding 
size^ 
Average ratio 0,77 6.78 1.36 10.12 2.42 16.36 
Highest ratio 0,85 7.98 1.78 13.64 3.50 30.41 
Lowest ratio 0.67 5.75 0.89 8.60 2.08 13.95 
^'Average ratio' refers to the mean of each type, whilst 'highest' and 
^ 'lowest' ratios refer to the extreme values within each type. 
No adjustment to existing varying size of holdings. 
^Assumed 7.8 acres per holding in all schemes, the figures being the mean 
of F,L,D.A. schemes. 
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compared to 1.68 and 4.96 settler families in the State and Fringe-
type of land development programmes respectively. The total number 
of persons supported per $ 1 0 , 0 0 0 investment on F.L.D.A. schemes, averages 
6.84 persons as compared to 13.43 and 35.91 persons on State and Fringe 
schemes. Under the present arrangement, therefore, the F.L.D.A. schemes 
have created respectively, only about one-half and one-sixth the employ-
ment for settler families generated by the low cost State and Fringe-type 
programmes. The employment:capital ratio for F.L.D.A. schemes hardly 
changes when it is assumed that the size of the holding is similar under 
the three programmes (Table 8 .4) . While the ratios of the State and 
Fringe schemes are reduced, they are still able to provide substantially 
more employment opportunities per unit of investment. The details for 
each individual scheme are given in Tables G8.2(a) and (b). 
It is commonly believed that investment in agricultural develop-
ment is the cheapest avenue for creating employment opportunities. 
Table 8.5 setting out the employment:capital ratios in the manufacturing 
industries in West Malaysia in 1968, the last year for which figures are 
available for making such calculation, indicates that this view is not 
necessarily correct. Employment per $ 1 0 , 0 0 0 in the manufacturing 
industries fluctuates greatly from 0.05 person in the petroleum and 
coal industry to over 10 persons in the industry producing footwear, 
wearing apparel and textile goods. It averages 1 . 6 4 persons per $ 1 0 , 0 0 0 . 
While the ratios computed for the manufacturing industries 
may not be strictly comparable to those estimated for the land schemes, 
they provide a rough guide to the cost of creating employment in the 
agricultural and non-agricultural sectors. It is surprising to find 
that the cost in respect of the F.L.D.A.-type programme is remarkably 
high. It generates less employment per unit of investment than most 
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manufacturing industries (17 out of 21) (compare the average number of 
families in Table 8.4 with persons employed in Table 8.5). Similarly, 
TABLE 8.5. EMPLOYMENT^:CAPITAL^ RATIOS IN MANUFACTURING INDUSTRIES, 
WEST MALAYSIA, 1968 
I n d u s t r y Persons per 
$10,000 
Footwear (except rubber footwear), other wearing 
apparel and made-up textile goods. 10,54 
Furniture and fixtures 9.13 
Leather and fur and leather products 4.72 
Machinery except electrical machinery 4.00 
Wood, rattan, mengkuang attap and cork products 3.65 
Metal products 3.13 
Paper and paper products 2.59 
Processing of estate type agriculture products in 
factories off-estate 2.39 
Printing, publishing and allied industries 2.31 
Rubber products 2.21 
Miscellaneous manufacturing industries 2.16 
Food manufacturing industries 1.97 
Textiles manufacturing 1.87 
Tobacco products 1.61 
Electrical machinery, apparatus, appliances and 
supplies 
1.43 
Transport equipment 1.09 
Non-metallic mineral products 0.86 
Beverage manufacturing 0.73 
Chemicals and chemical products 0.59 
Basic metal industries 0.51 
Products of petroleum and coal 0.05 
Total 1.64 
.Both paid and unpaid workers employed. 
Total value of fixed assets: (1) machinery and equipment, (2) transport 
equipment, (3) cost of new construction (both residential and non-
residential buildings and roads and bridges), (4) land and (5) existing 
buildings. 
Source: Computed from Census of Manufacturing Industries. West Malaysia. 
1968, Department of Statistics, Kuala Lumpur, pp.115-124 and 
pp.152-161. 
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the State-type is also expensive relative to a great majority of 
industries (13 out of 21), But the performance in terms of employ-
ment is very high in the case of the Fringe-type of programme, sur-
passing all industries excepting 'footwear, other wearing apparel and 
made-up textile goods' and 'furniture and fixtures'. 
In view of what has been observed, and the lack of difference 
in social profitability between types of schemes (Tables 8.1 and 8,3), 
it is pertinent to question why the centralised high-cost F.L.D.A. pro-
grammes should be specially favoured in public expenditure, as against 
low-cost Fringe developments. Since the rural area is seriously affected 
by unemployment and underemployment, the possible development of larger 
areas of land under the Fringe strategy might well be given prior 
attention. The suggestion deserves most serious consideration, espe-
cially as the F.L.D.A. is unlikely to satisfy the bulk of the demands 
for land. The question is discussed in the last chapter, 
8.2.2. Saving Potential 
Social gross revenue generated from the land schemes (i,e. the 
export receipts in this instance) can be broadly split into two parts: 
that accruing to the private sector, largely in the hands of settlers, 
and that accruing to the public sector. The public sector portion 
comprises export duty, research cess, replanting cess and receipts in 
the form of loan repayments by the settlers. In West Malaysia, the 
great majority of smallholders do not pay income tax. Since it is 
extremely unlikely that this tax will be imposed on the settlers in the 
foreseeable future, no government revenue can be expected from this 
source. While some tax revenue may be expected from businesses supply-
ing agricultural inputs and services, this is likely to be relatively 
small and to affect the schemes more or less equally. 
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Table 8.6 details the estimated average Government receipts 
per acre over the whole project life from export duty, replanting cess, 
research cess and loan repayment. This shows that the public sector 
can expect to receive greater amounts of revenue, whether discounted or 
not, through the F.L.D.A. schemes. Government receipts from F.L.D.A. 
schemes are $6,715 per acre over the project life (or $960 per acre when 
discounted at an interest rate of 10 percent); these are about 50 per-
cent more than those from the schemes. If loan repayment by settlers, 
the biggest source of revenue in the case of the F.L.D.A, schemes, is 
excluded, the difference between types of development is substantially 
reduced. 
TABLE 8.6. AVERAGE GOVERNMENT RECEIPTS PER ACRE FROM EXPORT DUTY, 
REPLANTING CESS, RESEARCH CESS AND LOAN REPAYMENT ($/ACRE) 
F.L.D.A. State Fringe 
I t e m 0% 10% 07o 10% 0% 10% 
dis- dis- dis- dis- dis- dis-
count count count count count count 
Export duty 824.3 117.9 656.3 89.3 559.4 77.2 
Replanting cess 2060.7 294.7 1648.7 224.2 1443.6 199.2 
Research cess 458.0 65.5 366.4 49,8 320.8 44.3 
Loan repayment 3372.4 482.3 869.9 118.3 549.4 75,8 
Total 6715.4 960.4 3541.3 481.6 2873.2 396.5 
Whilst practically all income accruing to the settlers can 
reasonably be assumed to be used to satisfy current consumption, that 
accruing to Government is predominantly saved and invested elsewhere 
in the economy. For the country as a whole the export revenue from 
rubber is a major source of Government revenue which is used to finance 
public projects. The money collected through the replanting cess is 
invested in replanting and newplanting, which will undoubtedly produce 
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extra future consumption. In the absence of such compulsory saving the 
relevant income would be employed by settlers to meet current needs. 
The research cess can also be viewed in the same manner, since the 
accruing fund is spent on activities which contribute positively to 
the improved production capacity and marketability of the natural rubber. 
If one takes the view that some extra income saved (i.e. at 
the sacrifice of current needs) has a greater value to the society than 
the same extra income consumed, a project which results in greater con-
tribution to savings is, ceteris paribus, superior to another producing 
the same return. Thus the F.L.D,A.-type of strategy has a definite 
advantage in this sense over the other two alternatives. That money 
in the hands of Government is more valuable than the same amount of 
money with the settlers is perhaps a difficult assertion to justify. 
It is even more difficult to say how much more valuable is future, as 
opposed to, current consumption. In so far as the present study is 
concerned, a dollar saved is treated as of equal value to a dollar 
consumed on the ground that if the Government wishes to greatly acce-
lerate the rate of development it can find the money through other 
means (6.3.1., Chapter 6). 
8.2.3. Centralised Public Amenities in F,L.D.A. Schemes. 
A distinctive feature of the F.L.D.A.-type of land development 
programme is that the Authority, with the assistance of Government 
departments, establishes settlements or central villages. The villages 
are provided with public amenities and social facilities of a 'semi-
urban nature', which have the aim of making available to the rural 
people modern facilities and services currently enjoyed by urban people. 
This aspect of social development is an essential ingredient in the 
Government's efforts to raise the economic and social well-being of 
the rural population. 
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Settlements. The total area allotted for the establishment 
of settlements in the six F.L.D.A. schemes, and the total expenditure 
involved in each instance, are shown in Table 8.7. The village area in 
each scheme varies from 182 acres in Hutan Percha to 466 acres in 
Gedangsa, varying with the total planted acreage under rubber and hence 
with the size of the settler population. The figures show that the 
total combined cost of establishing a village and associated housing 
TABLE 8.7. VILLAGE AREA, COSTS OF DEVELOPMENT AND HOUSING IN F.L.D.A. 
SCHEMES 
Scheme 
Village 
area 
(acre) 
Cost of developing 
village® 
Cost of settlers' 
houses 
Total $/settlerb Total $/unit 
Serampang 290 45095 123 546650 1450 (377)'^ 
Tenang 265 43142 121 523450 1450 (361) 
Percha 182 29120 104 411800 1450 (284) 
L.B.J. 321 49627 116 650381 1387 (469) 
Aw ah 243 31055 95 508502 1478 (344) 
Gedangsa 466 81317 210 816877 1396 (585) 
Average 295 46559 128 576277 1430 (403) 
^Includes felling, clearing, burning and levelling of site. 
Total expenditure divided by the numbers of settlers as reported in 
1970. The population of settlers may decrease or increase by the 
withdrawal or addition of few families. 
Figures in brackets denote the units of houses built. These were 
usually more than the number of settlers taken into the scheme, the 
excess being occupied by staff members and reserved for later use. 
averages $622,836 per scheme - $46,599 on the establishment of the 
village area and $576,277 on housing. This works out at $1,588 per 
settler. The expenditures incurred, together with interest thereon, 
were charged to the settlers' loan account, and are currently being 
re-couped as part of the monthly loan repayment. 
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In planning the village every attempt was made to site it 
as close as possible to the centre of the scheme, so as to minimise 
the distance between the village and agricultural area. This was not 
always feasible in practice, since the final choice of a site had to 
take account of such factors as the physical shape of the scheme, the 
topography, the soil pattern, the availability of water, and ease of 
access. Accordingly, some settlers have to travel long distances (an 
aspect which is examined in Chapter 10), Settlers' houses, each 
built on a quarter acre lot, are standardised in design and are grouped 
in two or three residential areas around the centre of the village. 
Physical infrastructure. The total costs involved in providing 
the physical infrastructure, segregated by item, are summarised in 
Table 8.8. These were not charged to the settlers' loan account, but 
were borne by the Government agencies which provided these amenities 
as part of the overall rural development programme. As shown in 
Table 8.8 the total expenditure on each scheme as a whole (for all 
phases of development) was large, varying from $664,700 in Hutan Percha 
to $2,391,600 in Gedangsa. Roads and water supplies were the most 
expensive items, but the developed mileage depended on the site of the 
scheme. Total costs work out at $2,370 - $6,160 per settler and $280 -
$760 per planted acre. 
In a sense the public amenities and social facilities enjoyed 
by the settlers may be regarded as external economies arising from 
F.L.D.A.-type of land development programme. This aspect is discussed 
further below. Although this social development would anyhow have had 
to be undertaken in the rural sector, the development of F.L.D.A, 
schemes strengthened and hastened the provision of such facilities. 
The settlers would most probably not have enjoyed this high standard of 
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TABLE 8.8. TOTAL COSTS OF PROVIDING PUBLIC AMENITIES IN THE F.L.D.A 
SCHEMES ($'000) 
I t e m 
Seram-
pang 
Tenang Percha L.B.J, Awah 
Ge-
dangsa 
By P.W.D.^ 
Access road 6.9 31.6 - 435.0 118.0 1257.3 
Village road 538.4 221.9 328.4 313.0 131,7 323,3 
Water supply 853.5 353.9 193.7 278.2 455.5 567.6 
By Ministry of 
N.R.D.^ 
Community centre 6.0 6.0 6.0 6,0 6.0 6.0 
Playing field 22.0 16.0 16.0 18.0 11,7 12.0 
Religious 
building 
25.0 25.0 25.0 25.0 25.0 25.0 
By related De-
partments 
School 122.4 137.7 59,8 46.6 171.3 131.8 
Teachers' 
quarters 
49.5 49.5 25.5 42,0 43.6 31.8 
Clinic 12.1 10.3 10.3 14.1 13,6 14.8 
Total cost 1635.8 851.9 664.7 1177.9 976.4 ^ 3 9 1 . 6 
Cost per settler 4.47 2.39 2.37 2.76 3.00 6.16 
Cost per planted 
acre 
0.55 0.29 0.28 0.38 0.38 0.76 
^Public Works Department. 
Ministry of National and Rural Development. 
social services had they remained in their previous areas. It is unlikely 
that the facilities in previous areas would have been improved very much 
if settlers had not left them. Although the social developments inside 
and outside land schemes are not mutually exclusive, there are physical 
constraints (e.g. the smallholders are too scattered for most social 
services to be supplied economically) to the provision of social 
services to the non-scheme areas. As it is such urban amenities are 
centralised and are made easily accessible not only to the settlers but 
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also to the people Living in the vicinity of the schemes. The services 
and facilities (e.g. treated piped water, health service and education) 
are normally either free or sold for much less than their social value. 
While it is debatable whether the benefits detailed are external economies 
or direct effects of the rural development programme, their value to the 
F.L.D.A. settlers is real and cannot be discounted. The provision of 
public amenities, together with economic development, has helped to 
rectify the unsatisfactory distribution of income and social services 
between urban and rural dwellers. However, the social costs and social 
benefits involved are difficult to evaluate. Moreover, there is the 
problem of equity in that it may be questioned why the F.L.D.A. settlers 
should be particularly favoured, as compared to people in other parts of 
the rural sector. 
Social development of the kind outlined was not introduced as 
part of the State and Fringe type of land development programmes. The 
acreages involved were too small anyhow to justify public expenditures 
on such a large scale; moreover, certain services were already available 
in or near the residential areas concerned. Although in most State 
schemes land was also allocated for the establishment of settlements, 
preparation of ground and construction of houses were left entirely to 
individual settlers. Financial assistance, whether in the form of 
loans or grants, was not provided except at Labu where each settler 
family received a grant of $100. 
The houses on State schemes were constructed either on the 
gotong rovong (self-help) basis, or by contractors hired by a group of 
settlers. The costs of construction and of building materials are not 
available, but it is unlikely that the cash expenditures would exceed 
$500 per house. As might be expected the houses actually established. 
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and the surrounding village areas, are of much poorer standard compared 
to those on F.L.D.A, schemes. The houses are, however, better than 
those they occupied in their previous areas. In addition the 
surroundings in the scheme village (which is also the dusun area) are 
pleasanter, in that minimum facilities such as public transport, roads, 
postal service, piped water supplies and shops are provided in or near 
the residential area. 
8.2,4. Externalities 
In social cost-benefit analysis there has been much debate on 
the external effects of a project: external economies or beneficial 
side effects which are not fully reflected in the price obtainable for 
the output, or in the price it pays for its inputs; and external 
diseconomies which refer to the harmful effects on other firms arising 
as a result of its implementation. Very often the external economies 
of a project are emphasized to justify its social profitability. 
The expected divergence between private profitability and 
social profitability of investment in land development schemes has been 
largely allowed for through shadow-pricing. Thus, on the output side 
the higher social value of each unit of rubber produced, as compared to 
its private value, has been accounted for by the use of appropriate f.o.b, 
price. Similarly, on the input side, the market prices of labour and 
other cost components have been re-valued according to their scarcity 
and effects on foreign exchange. 
The process of valuing inputs and outputs according to a 
carefully derived set of shadow prices is adequate to reflect most 
social costs and benefits. There are, however, certain benefits and 
cost which being less obvious or more difficult to quantify have been 
omitted in the analysis. Some beneficial 'output' produced by physical 
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infrastructure in F.L.D.A. schemes has already been referred to, A 
few others are discussed now« 
Transport and processing economies accruing to central factories, 
One major problem in the central processing and marketing of smallholders' 
rubber by the Malayan Rubber Development Corporation (M.R.D.) is the 
difficulty and relatively high cost involved in collecting and trans-
porting latex from tiny and widely-scattered production units. A con-
siderably longer than normal time is needed to transport latex from the 
field to the factory, and this necessitates additional ammonia to prevent 
latex coagulating before it reaches the factory. During processing more 
acid has to be used to neutralise the ammonia, and this results in very 
high chemical costs. This fact is borne out by the figures in Table 8,9, 
which compares the transport and chemical costs of the M.R.D, factories 
and selected estate factories producing S.M.R. It can be seen that the 
difference in ammonia and acid costs is large. The M.R.D. also buys 
latex from land development schemes. Separate cost data in respect of 
latex purchased from schemes and from individual smallholders are not 
available for presentation, but significantly lower transport and 
chemical costs are said to be incurred in dealing with centrally 
organised schemes. 
The latter transport and processing economies accruing to the 
M.R.D. have partly resulted in lower marketing charges for latex coming 
from the schemes, 6.0 cents per lb as compared to a deduction of 7.5 
cents per lb for latex produced by individual smallholders. Because of 
this the spillover effect of centralised production in the schemes can 
be said to have already been 'internalized' in the main analysis. But 
the significance of this external economy should be examined in light 
of the current high transport and chemical costs in M.R.D, operations 
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(Table 8.9) and of the prospects of reducing them by increasing the 
offtake of scheme latex. Such a reduction would contribute to the 
long-term economic viability of central processing and marketing of 
smallholders' rubber. 
TABLE 8.9. A COMPARISON OF TRANSPORT AND CHEMICAL COSTS IN M.R.D. AND 
SELECTED ESTATE FACTORIES PRODUCING S.M.R., 1970^971^ 
Factory Production (ton/year) 
Transport 
(ct/lb) 
Ammonia 
(ct/lb) 
Acid 
(ct/lb) 
M.R.D. 
Meru 1840 1.83 0.68 1.01 
Rantau 1740 2.13 0.42 1.01 
Grisek 1460 2.43 0.69 0.78 
Mentakab 1160 2.70 0.52 0.75 
Average 1550 2.22 0.58 0.91 
Estate 
New Labu 1680 0.90 0.21 0.50 
Sg. Rinching 833 0.47 0.01 0.12 
Bertam 2070 0.46 0.07 0.24 
Sagil 1770 0.95 - 0.35 
Bute 1170 0.69 0.07 0.20 
Tebong 2180 1.28 0.07 0.26 
Average 1617 0.82 0,08 0.29 
Figures for M.R.D. factories were computed from the accounts for the 
first quarter of 1971 while those for estate factories referred to 
January-December, 1970. 
Source: Computed from (a) Confidential reports on Trading and Profit 
and Loss Accounts for January, February and March, 1971, 
M.R.D., Kuala Lumpur, 1971, (b) a Survey of S.M.R. Factories, 
Rubber Research Institute of Malaya, Kuala Lumpur, 1971. 
Training of managerial and technical skills. This is probably 
the most obvious 'extraordinary output' of the F.L.D.A.-type of land 
development programme. Since 1961, when the F.L.D.A. first became the 
Government's major agency for the planning and implementation of settle-
ment schemes, the Authority has operated a massive recruitment and 
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training scheme of staff for its operations. It has by now built up 
considerable capacity for carrying out large-scale land development. 
But because of the obvious shortage of skilled personnel in the 
country and the resultant high salaries offered in the private sector, 
F.L.D.A. is 'at a complete disadvantage in the competition for skilled 
g 
personnel'. For example, the Authority faces big losses of trained 
staff, especially planting officers and scheme managers. These indi-
viduals who were usually without any experience when they were first 
recruited, may be attracted either by the private sector or by other 
public bodies (e.g. the State Economic Development Corporations recently 
established by the various State Governments), The problem of staff 
losses is enhanced by the fact that it is often difficult to recruit new 
personnel. The situation is of particular concern to the Authority, 
which has been asked to step up its activities by more than 50 percent 
under the Malaysia Plan. 
The in-service (and sometimes overseas) training provided by 
an organisation such as F.L.D.A. is invaluable and has certainly 
benefitted the individuals employed by it. Other organisations 
invariably benefit from this 'product' when these individuals join 
them, and the additional salaries obtainable elsewhere probably provide 
an indication of the extent of external economies attributable to 
F.L.D.A. in this respect. Whether or not the services of trained 
personnel are retained, F.L.D.A. has contributed towards the production 
of needed skills from the national point of v i e w . Although the staff 
on State and Fringe schemes do benefit from their experience, the 
benefits are relatively unimportant. This is because these types of 
programme involve only few persons with managerial skills. 
^Federal Land Development A u t h o r i t y , Annual Report 1970, Kuala Lumpur, 
1971, p . 3 . 
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Training of unskilled labour. This aspect of settler deve-
lopment has been given special emphasis in F.L.D.A. schemes, which aim 
at producing a dynamic and progressive class of farmers. Thus general 
courses have been organised dealing with civic affairs, community 
development, cash crop agriculture, livestock farming and home economics. 
Special instruction on rubber tapping was given when the trees were 
ready for exploitation, and this was supplemented, from time to time, 
by courses imparting the latest technical knowledge on practices in 
agriculture. This training has been essential, since a large proportion 
of settlers had no practical agricultural knowledge of rubber production 
(see Table 9.16). Apart from training in rubber tapping and mainte-
nance, settlers on the State and Fringe schemes have not been provided 
with general courses. While the skills thus acquired represent an 
important contribution to good husbandry, the benefit therefrom is 
minor and difficult to ascertain. 
Training of youths is also provided on F.L.D.A. schemes, with 
9 
the aim of solving unemployment and underemployment. The youths are 
specially hand-picked from among settler families, and their main job 
is to maintain newplanting areas, including weeding and nursery work, 
until settlers move in. It is now intended to expand this programme 
and take in the youths as settlers on newly-opened schemes instead of 
employing contract labour. If this source of skilled labour input can 
be properly harnessed and used to advantage, the maintenance costs on 
F.L.D.A. schemes are likely to be reduced. 
Integrated block development. From the point of view of 
national planning, the development of small producing units in inte-
grated blocks ensures more systematic and efficient use of land, as 
9 
Federal Land Development Authority, Ibid., p.10. 
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compared to alienation to satisfy widely-scattered individual demands. 
The long-term viability of holdings on the scheme is also ensured, as 
the 1960 Land Act prohibits sub-division on schemes. 
Land schemes also facilitate extension work and other develop-
ment activities directed at improving the living conditions of the 
rural people. This is especially true in F.L.D.A. schemes where there 
are centralised settlements which can serve as the nuclei from which 
socio-economic development can be expanded. For example, commercial 
activities such as retail services, barbering, tailoring, and bicycle 
and motor-cycle repair have been introduced by F.L.D.A., both as a means 
of providing employment to youths and of meeting the needs of the 
settler community. Another example is the availability of social and 
educational services such as those provided by the women's organisations 
(which emphasize the important role that can be played by women in 
raising the rural standards of living), kindergartens, and mobile library 
units. The schemes have also attracted the development of extension 
services (e.g. the budgrafting and tapping classes organized by the 
R.R.I.M.) aimed at serving groups of individuals with common interests. 
The advantage stemming from the activities outlined is probably the most 
important external economy associated with F.L.D.A. schemes; it will be 
magnified when more such schemes are established throughout the country. 
External diseconomies. While external diseconomies can be 
very significant in industrial projects (e.g. atmospheric pollution by 
smoke and water pollution by effluents), they are not worth serious 
consideration in the present case. But after the 1967 floods which 
caused several million dollars worth of damage in the country, it was 
^°Federation of Malaya, Land (Group Settlement Areas) Act 1960,Act of 
Parliament, No.13 of 1960. 
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pointed out often enough that large scale land development and exploi-
tation of forests have led to more floods for less rain. This is 
because the opening of more and more land causes erosion and silting 
of the rivers. 
Another catastrophic flooding occurred towards the end of 
1970, the worst since 1920s. 'The Planter' asked in an editorial 
whether it was coincidence that the worst flooding was in Pahang, which 
was 
pointed out that years of erosion from land clearing in the up-river 
areas resulted in an ever-increased silting. Awah, one of the F.L.D.A. 
schemes being studied, was affected by the flooding last year; a few 
thousand trees and many more latex cups, spouts and cup hangers were 
reported lost as a consequence. 
At the time of writing the south-east monsoon again has 
brought floods to the east coast States of West Malaysia. Of the five 
States now hit by floods, Pahang again is worst off; it is seriously felt 
that a 'thorough and searching survey of recent forest exploitation 
has more land development to its credit than any other State,^^ It 
12 
and of extensive land development schemes seems essential'. Earlier 
'a propaganda campaign on the rudiments of soil conservation' was 
suggested to increase the general awareness of the dangers of ill-planned 
13 
land development. This appears helpful in view of the fact that hills 
are frequently left far too long after burning before being terraced, 
and that erosion usually takes place after clearing. 
While the argument about the effect of jungle-clearing on 
atmospheric and climatic environment is plausible, the connection is 
Editorial in The Planter, Kuala Lumpurl, Vol.47, January 1971. 
12 
Editorial in The Straits Times, Kuala Lumpur, 13 December, 1971. 
13 
The Planter, op.cit. 
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not yet well enough established to attribute to land development 
projects any social costs incurred in rehabilitation. In West Malaysia, 
jungle land is still plentiful, and the creation of employment opportu-
nities through the development of land resource is a natural approach. 
803 CONCLUSIONS 
To sum up, it can be said that the investments in F.L.D.A., 
State and Fringe types of land development are highly profitable socially. 
This is true even in the worst situation, in which the returns are 
assumed to be depressed by the expected variability in the rubber yields 
and prices. The social profitability, as denoted by the IRR and B/C 
ratio, differs very little between the three types of development strategy. 
But there are other important advantages accruing to the F.L.D.A. and 
Fringe schemes: the F.L.D.A, schemes are especially appropriate for 
the social developments aimed at improving the quality of rural life, 
and they generate important external economies and a greater saving in 
terms of Government receipts; the Fringe schemes provide much more 
employment for the settler families per unit of investment, and are 
therefore attractive as a strategy for solving the problem of landless 
persons. Although State schemes possess the features of both F.L.ll.A. 
and Fringe schemes, they do not have the additional advantages outlined. 
It is reasonable to conclude that, from the national viewpoint, 
both the F.L.D.A. and Fringe strategies are desirable. They are by no 
means mutually exclusive. The F.L.D.A. strategy aims at land develop-
ment on the national scale through the creation of big schemes, which 
are necessarily sited far away from the existing kampongs and therefore 
entail the development of the social infrastructure. The Fringe strategy 
is most appropriate in areas which, due to certain physical constraints 
(e.g. those outlined in 1.4., Chapter 1), are too small for the F.L.D.A. 
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resources to be employed economically. On the other hand, State and 
Fringe schemes are mutually exclusive in the sense that both secure 
their resources from the State Governments. In view of what has been 
said it is considered best to channel all resources available within 
the State to the Fringe-type of development. 
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CHAPTER 9 
INCOMES OF SETTLER-FAMILIES 
The chief concern of the settler as a farm operator is to 
secure the maximum total income to meet his family expenses. As part 
of its final analysis, therefore, any evaluation of land development 
schemes has to consider the issue of what absolute level of income is 
being earned by the rural families involved, and of whether this is 
'adequate'. 
9.1 DISCOUNTED BENEFITS AND COSTS 
The B/C ratio and NPV from the settler's viewpoint are first 
examined here. Estimates of IRR cannot be secured, since the net 
settler's time streams consist in positive values only (see 11.1., 
Chapter 11). 
Two situations are considered. One treats the wage earnings 
and loans to the settlers during the development period as benefits; 
the other excludes them from consideration. The second situation is 
of interest because it may be plausibly argued that the settlers 
suffered a loss of earnings which they would have earned had they not 
joined the schemes. This does not apply to the Fringe-type of pro-
gramme, since its settlers were not given any cash subsidy; the settlers 
continued to work off-scheme (during the development period), so that 
there was no 'loss of earnings equivalent'. The B/C ratios and NPVs, 
discounted at 6 percent, are presented in Table 9.1. These show that 
investment from the settler's viewpoint is highly profitable. The 
expected mean B/C ratio under the two situations mentioned is high. The 
standard deviation, which is about 10 to 15 percent of the mean value, 
is not quoted. 
TABLE 9.1. 
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BENEFIT-COST RATIOS AND NET PRESENT VALUES FROM THE SETTLERS' 
VIEWPOINT 
Scheme Mean B/C 
rat io^ 
NPV^ ($'000) 
Total Per settler Per acre 
F.L.D.A. 
Serampang 2 .11 (1.74)^ 3331 (2687) 28.7 (23.2) 3.6 (2.9) 
Tenang 2 .09 (1.71) 3232 (2583) 27.6 (22.1) 3.3 (2.7) 
Percha 2 .11 (1.71) 2634 (2085) 26.6 (21.1) 3.2 (2.5) 
L.B.J. 2 .13 (1.68) 2679 (2036) 23.1 (17.6) 2.8 (2.5) 
Awah 2 .06 (1.59) 2706 (1962) 21.8 (15.8) 2.8 (2.1) 
Gedangsa 1 .94 (1.48) 1745 (1165) 15.4 (10.3) 2.2 (1.5) 
State 
Labu 2 .33 (2.06) 3108 (2800) 20.9 (18.8) 3.4 (3.0) 
Panchang 2 • 44 (2.15) 1790 (1624) 21.3 (19.3) 3.4 (3.1) 
Gerbang 2 .15 (2.05) 1112 (1063) 11.7 (11.2) 2,2 (2.1) 
Menderang 2 .18 (2.05) 1268 (1201) 14.4 (13.6) 2.1 (2.0) 
Dua 1 .87 (1.75) 591 ( 569) 11.8 (11.4) 1.8 (1.8) 
Pepuyu 2 .07 (2.00) 986 ( 952) 14.3 (13.8) 2.1 (2.0) 
Fringe 
Timbol 2 .24 (2.24) 581 ( 581) 10.0 (10.0) 2.6 (2.6) 
Gentam 2 .14 (2.14) 269 ( 269) 7.1 ( 7.1) 2.3 (2.3) 
Purun 2 .01 (2.01) 1504 (1504) 10.7 (10.7) 2.1 (2.1) 
Beranang 2 .07 (2.07) 555 ( 555) 9.4 ( 9.4) 2.2 (2.2) 
Beting 1 .95 (1.95) 448 ( 448) 6.2 ( 6.2) 1.9 (1.9) 
Rambutan 1 .81 (1.81) 556 ( 556) 4.8 ( 4.8) 1.6 (1.6) 
Sahom 1 .82 (1.82) 350 ( 350) 6.1 ( 6.1) 1.5 (1.5) 
Halt 1 .76 (1.76) 287 ( 287) 6.8 ( 6.8) 1.5 (1.5) 
j^Discounted at 6 percent. 
Figures in brackets denote the situation in which cash loans and wages 
are not considered as settlers income. 
Comparison of B/C ratios between types of programme shows that 
F.L.D.A. schemes do not turn out so favourably as they do from the 
commercial viewpoint. In the first situation the B/C ratio ranges from 
1.94 to 2.13 on F.L.D.A. schemes, compared to 1.87 to 2.44 on State 
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schemes, and 1.76 to 2.24 on Fringe schemes. In the second situation 
the B/C ratio on F.L.D.A. schemes declines to a range of 1.48 to 1.74 
and that of State schemes to 1.75 to 2.15. The former are affected 
most because wages and loans provided by them formed over one-fifth of 
total NPV. These amounted to only 3 to 10 percent on State schemes. 
For the reason already given the situation is unchanged on Fringe schemes. 
The analysis indicates the high return per dollar of settlers' invest-
ment in the Fringe strategy. This can be attributed to the fact that 
F.L.D.A. settlers have to forego a greater part of their income as loan 
repayment within a period of 15 years. 
F.L.D.A. schemes are superior on the basis of total NPV 
because of their bigger acreage. The ranking in terras of NPV per acre 
is broadly similar to that in terms of the B/C ratio. 
9.2 INCOME PROFILES 
The expected levels of settlers' incomes over the whole 
tapping life of the project are now examined. These are the undiscounted 
incomes at different stages of tapping. Three measures have been com-
puted: gross income, labour income and profit. Gross income is the 
gross value of rubber (the product of the yield of rubber and its 
f.o.b. price nett of export duty, research cess, replanting cess, and 
processing and marketing charges). Labour income is the total cash 
income finally available to the settler for meeting daily expenses and 
other requirements (the return after deducting all material and other 
costs except unpaid family labour). Finally, profit is the balance 
remaining from gross income after allowing for all cash expenses and 
imputed family labour cost. 
Average income profiles. The average incomes on the F.L.D.A., 
State and Fringe types of scheme are first considered. The calculation 
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involves averaging the annual yields and annual costs of individual 
schemes within each type. The annual gross income as defined above 
is then obtained from the appropriate yield and price; from this value 
appropriate costs are subtracted to arrive at the labour income and 
profit. Estimates of quinquennial averages pertaining to the 'mean', 
'best', and 'worst' conditions, defined previously, are classified in 
six five-year groups. These are set out in Tables 9.2(a), (b) and (c). 
Some interesting facts emerge from this analysis. The 
settlers on F.L.D.A. schemes can definitely be expected, on average, 
to earn higher incomes than those on State and Fringe schemes. This 
is because of the larger size of holdings, which average 7,8 acres 
apiece as compared to the 6.3 and 4.0 acres on State and Fringe schemes, 
and because of a higher overall average yield. The mean labour income 
over the 30 year production life of the project works out at $2,432 per 
year per family on F.L.D.A. schemes, compared to $1,895 and $989 on 
State and Fringe schemes respectively. The ranges between the best and 
worst labour incomes are $ 1,682-$3,186, $ 1,406-$2,438 and $672-$l,307 
per year per family in respect of the three types of development pro-
gramme. Since the labour employed comes almost entirely from the 
settler-family, labour incomes provide a most realistic measure of 
settlers' earnings. 
The differential between types of scheme is greatest in terms 
of gross income. This is reduced significantly in terms of labour 
income, after allowing for the repayment of loans and other cash expen-
ditures, because the settlers on F.L.D.A. schemes repay a great sum. 
As shown in Table 9.3, the F.L.D.A. settler has to repay over a period 
of 15 years an average sum of $146 a month, which is 45 percent of his 
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TABLE 9.2(a). PROJECTED AVERAGE ANNUAL YIELDS, COSTS AND INCOMES OF 
HOLDINGS ON F.L.D.A. SCHEMES 
I t e m 
Age group (years) 
Overall 
1-5 6-10 11-15 16-20 21-25 26-30 
average 
cents/lb 
T, • a 
Price 40.0 33.8 31.4 30.2 27.0 24. 9 30.8 
Ib/acre/vear 
Yield 1041 1484 1799 1957 1693 1230 1534 
$/year/farm^ 
Gross income 3252 3917 4412 4616 3570 2392 3690 
c 
Costs: material 2 94 303 399 521 409 126 342 
loan repayment 1689 1791 1791 0 0 0 878 
quit rent 38 38 38 38 38 38 38 
family labour 1350 1521 1721 1831 1732 1398 1593 
total cost 3371 3653 3949 2390 2179 1562 2851 
Labour income 1231 1785 2184 4057 3123 2228 2432 
Profit -119 264 463 2226 1391 830 839 
Best income estimates 
Gross income 3767 4852 5294 5487 4307 2989 4446 
Labour income 1744 2718 3064 4926 3&60 2825 3186 
Profit 2 38 977 1116 2894 1917 1173 1382 
Worst income estimates 
Gross income 2741 2997 3529 3759 2843 1803 2942 
Labour income 718 863 1299 3198 2396 1639 1682 
Profit -480 -439 -212 1562 871 492 295 
RSS 1 f.o.b. price £50 cents per lb in the first 5 years, declining to 
45 cents per lb over the next_15 years, and to 40 cents per lb there-
after (see Table 4.3, p.ll4)_/ less export duty, research cess, 
replanting cess, and processing and marketing charges. 
An average of 7.8 acres. 
Except imputed family labour cost, which varies with yield, all other 
costs remain unchanged under expected best and worst conditions and 
are therefore not presented. 
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TABLE 9.2(b). PROJECTED AVERAGE ANNUAL YIELDS, COSTS AND INCOMES OF 
HOLDINGS ON STATE SCHEMES 
T Q m 
Age group (years) 
Overall ± L c [11 
1-5 6-10 11-15 16-20 21-25 26-30 
average 
cent s/lb 
Price 40.0 33.8 31.4 
Ib/acr 
30.2 
e/year 
27.0 24,9 30.8 
Yield 7 95 1197 1497 
$/year 
1644 
/farmb 
1399 1031 1261 
i 
( 
Mean costs and incomes 
Gross income 2003 2549 2961 3128 2380 1617 2447 
Q 
Costs: material 268 273 372 485 384 118 316 
loan repayment 297 435 403 55 0 0 198 
quit rent 38 38 38 38 38 38 38 
family labour 962 1142 1310 1392 1314 1065 1198 
total cost 1565 1888 2123 1970 1736 1221 1750 
Labour income 1400 1803 2148 2550 1958 1461 1895 
Profit 438 661 838 1158 644 396 697 
Best income estimates 
Gross income 2328 3164 3597 3719 2880 2206 2990 
Labour income 1725 2418 2784 3141 2458 2050 2438 
Profit 640 1097 1310 1599 984 7 94 1079 
Worst income estimates 
Gross income 1679 1930 2315 2493 1881 1404 1958 
Labour income 1076 1184 1502 1915 1459 1248 1406 
Profit 242 216 358 673 304 374 370 
^As for Table 9.2(a). 
An average of 6.3 acres. 
'^ As for Table 9.2 (a) . 
total gross income. In contrast, monthly loan repayments average $32 
(15 percent of gross income) and $12 (11 percent of gross income) per 
settler on State and Fringe schemes. 
Loan repayment has become a factor of .serious concern to the 
settlers on F.L.D.A. schemes, its incidence being particularly severe 
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TABLE 9.2(c). PROJECTED AVERAGE ANNUAL YIELDS, COSTS AND INCOMES OF 
HOLDINGS ON FRINGE SCHEMES 
I t e m 
Age group (years) 
Overall 
average 1-5 6-10 11-15 16-20 21-25 26-30 
cent s/lb 
^ . a 
Price 40.0 33.8 31.4 30.2 27.0 24.9 30.8 
Ib/acr e/year 
Yield 712 1071 1211 1352 1156 874 1063 
$/vear/farm^ 
Mean costs and incomes 
1 
Gross income 1139 1448 1521 1633 1248 871 1310 
Costs: material 186 193 256 328 261 92 219 
loan repayment 134 182 134 16 0 0 78 
quit rent 24 24 24 24 24 24 24 
family labour 576 714 779 834 784 640 721 
total cost 920 1113 1193 1202 1069 756 1042 
Labour income 7 95 1049 1107 1265 963 755 989 
Profit 219 335 328 431 179 115 268 
Best income estimates 
Gross income 1387 1832 1880 1991 1549 1128 1628 
Labour income 1043 1433 1466 1623 1264 1012 1307 
Profit 360 584 553 668 352 221 457 
Worst income estimates 
Gross income 891 1064 1162 1275 947 615 993 
Labour income 547 665 748 907 662 499 672 
Profit 79 87 102 193 5 10 80 
^As for Table 9.2(a). 
An average of 4.0 acres. 
^As for Table 9.2(a). 
during the first two to three years when the yield of rubber is low. Up 
to the tenth year the average labour income on the F.L.D.A, schemes is 
lower than that on the State schemes. Earnings as low as $718 per 
year /Table 9.2 (a }7 , or $60 per month per family, have been reported as 
common on F.L.D.A. schemes. The Authority therefore introduced a new 
290 
loan repayment system in December 1971, under which a settler is 
assured of a regular minimum monthly income of $70 for family expenses.^ 
Only the surplus labour income is divided between the settler and the 
F.L.D.A., the latter being the repayment towards the loan. 
The mean labour incomes after the tenth year on F.L.D.A. 
schemes will range from $2,184 to $4,057 per year (i.e. $182 to $338 per 
month), the latter being achieved during the peak yield period from the 
sixteenth to the twentieth year. In respect to State schemes, a 
settler is expected to get a mean labour income of $1,400 and $1,803 per 
year /Table 9.2(b^/ or $117 and $150 per month within the first two five-
year periods. The highest mean earnings on State schemes will be 
achieved during the peak yield periods from the eleventh to the fifteenth 
year, and from the sixteenth to the twentieth year, when a settler can 
expect to receive $2,148 and $2,558 per year, or $179 and $213 per month 
respectively. In contrast, the earnings of settlers brought into the 
Fringe schemes are much lower, largely because of the small holding size. 
TABLE 9.3. AVERAGE MONTHLY LOAN REPAYMENT AND ITS PROPORTION IN TOTAL 
GROSS INCOME 
F.L.D .A. State Fringe 
Age group 
(years) 
Loan 
repayment 
($/mth) 
% gross 
income 
Loan 
repayment 
($/mth) 
7o gross 
income 
Loan 
repayment 
($/mth) 
7o gross 
income 
1 - 5 
6 - 10 
11 - 15 
141 
149 
149 
52 
46 
41 
25 
36 
34 
15 
17 
14 
11 
15 
11 
12 
13 
9 
Total 146 45 32 15 12 11 
For the first five years a settler gets a mean labour income of only 
$795 a year though subsequently it rises cons iderably /.Table 9.2(cl/. 
1 
Malay Mail. Kuala Lumpur, 2 December 1971. 
2 91 
Income profiles of individual schemes. So far the earnings 
of settlers have been examined in terms of average within each type of 
development programme. Invariably, there are fluctuations about the 
average values, according both to variation in the size of holding and 
the yield of rubber. In order to illustrate such income differentials 
between individual schemes, details of gross income and labour income 
of the 20 schemes are presented in Tables G9.1(a), (b) and (c). For 
each scheme, the quinquennial averages are calculated'from its mean, best 
and worst cash flows (as defined in Chapter 2). 
Adjustment of holding areas. Table 9.4 shows that on a per 
acre basis the expected labour income on both State and Fringe schemes 
is higher or equal to that of the F.L.D.A. within the first 15 years of 
tapping. If the size of the holdings on State and Fringe schemes was incr-
eased to the average holding size on F.L.D.A, schemes, 7.81 acres, the 
difference in overall average earnings would be narrowed significantly 
between types of schemes. While the F.L.D.A.-Fringe differential 
would still be substantial, due to the lower yield of rubber, the 
settlers on Fringe schemes would be assured of a much bigger income. 
Thus with increased holding area their annual mean labour income is 
doubled from $989 /Table 9.2(cl7 to $1,931 (Table 9.4) per family, it 
is not thought likely that, within the acreage range considered, the 
yields, and hence the income per acre, on State and Fringe schemes, 
would be reduced with an extension in area. 
9.3 SUPPLEMENTARY INCOMES 
Besides their earnings from growing rubber on the schemes, 
settlers also receive supplementary incomes from different sources, 
and non-cash income in the form of their consumption of farm products. 
The main sources of this income are off-farm employment, which is defined 
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TABLE 9.4. AVERAGE ANNUAL MEAN LABOUR INCOME OF HOLDINGS ASSUMED TO 
HAVE EQUAL SIZE OF 7.81 ACRES ON F.L.D.A., STATE AND 
FRINGE SCHEMES^ 
Age group 
(years) 
Labour income 
($/acre/year) 
Labour income 
($/year/family) 
F.L.D.A. State Fringe F.L.D.A. State Fringe 
1 - 5 157.6 222.2 198.8 1231 1735 1553 
6 - 10 228.6 286.2 262.3 1785 2235 2049 
11 - 15 279.6 341.0 276.8 2184 2663 2162 
16 - 20 519.5 404.8 316.3 4057 3161 2470 
21 - 25 400.0 310.8 240.8 3123 2427 1881 
26 - 30 285.3 231.9 188.8 2228 1811 1475 
Average 311.4 300.8 247.3 2432 2349 1931 
Based on mean estimates in Tables 9.2(a), (b) and (c) . 
here to include the tapping of all rubber holdings located outside the 
scheme, whether they belong to settlers themselves or to other persons; 
and the production of padi, livestock and fruits. These other sources 
of income are now examined, using data collected from the 762 settlers 
(209 from F.L.D.A. schemes, 307 from State schemes and 246 from Fringe 
schemes) included in the two surveys described in Chapter 2 (2.2.2.). 
The information refers to the month prior to the surveys; the latter 
were carried out during March-May 1969 and March-June 1971. 
Levels of supplementary income. The total amounts of income 
derived from off-farm sources and other farm enterprises are given in 
Table 9.5. This shows that the settlers on Fringe schemes earned most 
supplementary income, averaging $67.4 per month per family as compared 
to $57.3 on State schemes and $43.8 on F.L.D.A. schemes. These off-
farm earnings are higher than those accruing to a rural family observed 
in a recent survey of Selangor smallholders (Table 9.18). There was 
a great variation about the averages, as indicated by the coefficients 
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of variation. The great majority of individual settlers appeared to 
earn below $30 a month. 
TABLE 9.5. AVERAGE MONTHLY SUPPLEMENTARY INCOME PER FAMILY: BY 
INCOME GROUP. 1969/71 
Income group 
($/month) 
Amount ($/mth/family) 
F.L.D.A. State Fringe 
Below 30^ 
31 - 70 
71 - 120 
Above 120 
6.8 (138)^ 
49.2 ( 26) 
96.7 ( 22) 
209.0 ( 23) 
11.3 (176) 
46.0 ( 58) 
92.0 ( 27) 
227.5 ( 46) 
11.6 (119) 
47.6 ( 57) 
96.7 ( 33) 
251.2 ( 37) 
Mean 
C.V.^ (%) 
43.8 (209) 
170 
57.3 (307) 
181 
67.4 (246) 
146 
^Including those without supplementary income. 
Figures in brackets denote number of holdings. 
'Coefficient of variation. 
Naturally the income from supplementary sources also varied 
from scheme to scheme. Thus the average amount ranged from about $12 
per month in both Percha and Pepuyu (F.L.D.A. and State schemes respec-
tively) to $134 per month in Beranang (a Fringe scheme) (Table G9.2). 
The differential among individuals within a scheme was even greater, 
ranging from zero income to as high as $200-$300 a month. 
Table 9.6 classifies the supplementary income according to 
sources, and indicates the proportion of cash from each source. From 
the figures it is clear that by far the most important source of cash 
was the earnings of members of the family working off-farm. The 
remaining income came from other farm enterprises which were undertaken 
largely for home consumption; the surplus of fruits, livestock and 
padi for sale was very small. 
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TABLE 9.6. A V E R A G E M O N T H L Y SUPPLEMENTARY INCOME AND PROPORTION OF 
CASH: BY SOURCE OF INCOME. 1969/71 
Source of 
income 
F.L . D . A . State Fringe 
Total 
($/mth) 
Cash 
(7o total) 
Total 
($/mth) 
Cash 
(7o total) 
Total 
($/mth) 
Cash 
(7o total) 
Off-farm 
sources 
3 6 . 6 1 0 0 3 9 . 4 1 0 0 5 1 . 7 1 0 0 
Fruits 1 . 2 1 0 3 . 4 4 2 1 . 6 5 
Livestock 4 . 4 8 7 . 9 1 4 3 . 8 0 
Padi 0 . 5 0 4 . 7 0 7 . 7 2 4 
Coconut 0 . 7 0 1 . 3 0 1 . 2 0 
Vegetables 0 . 4 0 0 . 6 0 1 . 4 0 
Total 4 3 . 8 8 5 5 7 . 3 7 3 6 7 . 4 8 0 
About one-third of the settlers on both the F.L.D.A. and State 
schemes, and more than two-fifths of those on the Fringe schemes, 
reported earning supplementary income from off-farm sources. A further 
analysis of these earnings (Table 9.7) reveals that this off-farm 
income was very h i g h , averaging $103 to $121 per family concerned per 
month. The figures quoted in Table 9.6 are very much lower because 
they are averages for aJU holdings included in the survey. The commonest 
off-farm employment was casual labour and tapping. 
That other farm enterprises play a negligible role in 
supplementing the income of the settlers is surprising. This is 
because the potential for increasing cash receipts from these other 
enterprises is g o o d , and there is plentiful labour available (discussed 
in 10.2.2. and 1 0 . 4 . 3 . , Chapter 10). One reason for the small revenue 
from these sources was that m o s t fruit trees had not yet reached the 
production stage during the s u r v e y s , and that poultry was kept not 
for meat but m a i n l y for egg p r o d u c t i o n . If more chickens were sold 
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instead of eggs, the revenue would be higher. The size and nature of 
these other farm enterprises is now discussed. 
TABLE 9.7. AVERAGE MONTHLY SUPPLEMENTARY INCOME: BY TYPE OF OFF-FARM 
WORK. 1969/71 
Type of off-farm work 
Amount ($/m.onth/family) 
F.L.D.A. State Fringe 
Casual labourer 91.4 (27f 90.1 ( 25) 67.1 ( 7) 
b Tapping 85.0 (13) 147.6 ( 10) 80.7 ( 41) 
Petty trade 129.0 (10) 152.8 ( 9) 107,9 ( 7) 
Pension 142.5 ( 2) - 61.6 ( 5) 
Q Government employment 186,6 ( 3) 151.1 ( 14) 100.1 ( 14) 
Barber 30.0 ( 2) 15.0 ( 1) -
Remittance*^ 90.0 ( 1) 100.0 ( 1) 149.2 ( 34) 
Estate worker - 113.0 ( 8) -
Unspecified 68.8 (26) 84.5 ( 46) 87,7 ( 16) 
Total 103.3 (74) 121.3 (100) 118.9 (107) 
Figures in brackets denote number of holdings in class. The numbers 
do not add up to totals shown, since some settlers reported incomes 
from more than one source. 
On own lots located outside the scheme and on someone else's holding. Q 
^Including teachers. 
From members of family working in towns. 
Fruit trees. Table 9.8 details the extent to which fruit 
trees were grown, and the number of trees per settler. These trees 
were predominantly grown on the house lot area, but some enterprising 
individuals, particularly those on State schemes, also cultivated parts 
of the undeveloped dusun area and land along the fringe of the scheme 
(especially in Menderang and Gerbang). As can be seen from Table 9.8, 
the most popular fruit trees were rambutan, coconut and durian. 
Settlers on State schemes were found to have greater number of these 
trees, averaging 13 to 19 trees per family, as compared to 2 to 7 trees 
per family on F.L.D.A. and Fringe schemes. This is because most of the 
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State settlers, especially in Perak, actually live in the dusun-cum-
village areas. Other common fruit trees found in the survey were 
jackfruit, bananas, some mango, mangdsteen and langsat, 
TABLE 9.8. PROPORTION OF SETTLERS GROWING FRUIT TREES AND NUMBER OF 
TREES PER SETTLER: BY TYPE OF FRUITS, 1969/71 
Type of 
fruit^ 
Proportion of settlers 
a ) 
F.L.D.A. State Fringe 
Trees 
(no, per settler) 
F,L.D.A. State Fringe 
Rambutan 
Coconut 
Durian 
Jackfruit 
Banana 
Others'^ 
84.3 
80.0 
33.4 
38. 6 
3.0 
59.5 
67.9 
67.9 
42,0 
16.7 
1 2 . 8 
2 8 . 8 
28.9 
50.4 
29.3 
1.6 
7.7 
20.7 
5.7 
6.0 
2.3 
4.0 
45.7 
3.8 
17.5 
18.7 
12.5 
7.5 
32.0 
9.6 
5.0 
7.1 
5.2 
2.7 
25.0 
7.0 
Only trees aged one year or more were counted except in the case of 
^ bananas for which a few months old plants were also included. 
Referring to settlers actually growing the trees. 
'Including mango, mangosteen, langsat, etc. 
A classification by 'tree class' showed that most settlers 
grew less than five trees of each type of fruit except those on the 
State schemes (Table G9.3). A great majority of the latter was found 
in the 'above 14 trees' class, averaging, for each type, 18 (jackfruit) 
to 46 (banana) trees per settler. There was wide fluctuation among 
individual schemes, both in proportions of settlers growing trees, and 
in the average numbers of trees per settler (Table G9,4). 
Livestock. The surveys revealed that over three-quarters of 
the settlers reported keeping poultry (76 percent on F,L.D,A., 79 per-
cent on State, and 81 percent on Fringe schemes), but that only a small 
number had ruminant livestock, the latter being largely found in Fringe 
schemes. Some pigs were also reported by 16 Chinese settlers at Labu 
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and Menderang (both are State schemes). Owing to the lack of pasturable 
land it was difficult to keep ruminant livestock on F.L.D.A. schemes. 
A detailed breakdown is given in Table 9.9. 
TABLE 9.9. PROPORTION OF SETTLERS KEEPING EACH TYPE OF LIVESTOCK 
(PERCENT). 1969/71 
Type of 
livestock^ F.L.D.A. State Fringe 
Chicken 
c 
Duck 
Goat 
Cattle 
Buffalo 
d Pig 
63.2 (9.7)^ 
33.0 (5.4) 
1.8 (3.2) 
1.2 (1.7) 
0 ( 0 ) 
0 ( 0 ) 
65.5 (19.4) 
54.4 ( 9.7) 
2.9 ( 9.7) 
9.3 ( 2.3) 
4.8 ( 2.5) 
0,1 ( 5.1) 
65.9 (14.2) 
71.1 ( 5.5) 
17.1 ( 4.4) 
14.6 ( 2,6) 
7.3 ( 1.4) 
0 ( 0 ) 
j^Excluding chicks and ducklings. 
Figures in brackets denote birds or heads per settler. 
^Including geese and turkeys. 
Kept by 16 Chinese in Labu and Menderang. 
The information received from those settlers keeping poultry 
is further classified by size group in Table 9.10. This shows that 
the settlers on State schemes operated on a bigger scale, averaging 
22.8 birds per family, compared to 10.4 per family on F.L.D.A. schemes 
and 16.4 birds per family on Fringe schemes. 
TABLE 9.10. PROPORTION OF SETTLERS KEEPING POULTRY IN EACH SIZE GROUP 
(PERCENT). 1969/71 
Size group 
(No. of birds) F.L.D.A. 
State Fringe 
1 - 4 
5 - 9 
10 - 19 
20 - 29 
Above 29 
Average 
24.5 ( 2.9)^ 
31.4 ( 6.4) 
26.4 (12.5) 
13.8 (22.5) 
3.9 (34.8) 
100 (10.4) 
6.2 ( 3.9) 
14.9 ( 7.4) 
26.0 (12.7) 
24.8 (23.2) 
28.1 (43.8) 
100 (22.8) 
11.1 ( 3.0) 
21.2 ( 6.7) 
33.3 (12.5) 
19;0 (20.7) 
15.4 (42.5) 
100 (16.4) 
^Figures in brackets denote number of birds per settler. 
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Farming outside the scheme. Settlers, particularly those 
on Fringe schemes, also derived income from farming land owned by them 
outside the scheme area. Table 9.11 shows that 11 percent of all 
F.L.D.A, settlers in the sample surveyed owned an average of 0.9 acres 
apiece, whereas 36 and 70 percent of those on State and Fringe schemes 
had agricultural lots outside averaging 1.4 and 1.9 acres respectively. 
In all cases padi was the predominant crop cultivated. 
TABLE 9.11. PROPORTION OF SETTLERS OWNING LAND OUTSIDE THE SCHEMES, 
AND AVERAGE SIZE OF LOTS: BY CROP. 1969/71 
F.L. D.A. State Fringe 
Crop Settler 
(No.) 
Area 
(acres) 
Settler 
(No.) 
Area 
(acres) 
Settler 
(No.) 
Area 
(acres) 
Rubber - - 5 2.9 29 3.4 
Padi 23 0.9 97 1.3 143 1,2 
Coconut 1 1.0 4 2.6 4 1.0 
Fruits - - 2 1.1 29 1.6 
Vegetables 
All 23 0.9 109 1.4 
6 
173 
0.3 
1.9 
Proportion 
of total 
settlers (%) 
11 36 70 
The figures in respect to Fringe schemes indicate that while 
the proportion of Fringe settlers owning land prior to joining the scheme 
was quite high, the lots were tiny in acreage and obviously could not be 
expected to provide a major part of the income needed. Moreover padi, 
which was cultivated by more than four-fifths of the Fringe settlers, 
not only produces a lower income than rubber but is also more labour 
intensive, especially during transplanting and harvesting periods. 
Rubber, the highest-valued crop, was only farmed by a small number of 
these settlers. These figures denote that the assumptions of the 
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Fringe-type of strategy that those brought into the schemes already had 
some means of securing income and could therefore maintain up to 
maturity the holdings allotted to them without any cash assistance are 
not borne out in fact. In practice settlers were compelled to earn 
supplementary income elsewhere, and could not spend sufficient time in 
looking after their immature holdings in the scheme. There was 
accordingly a lack of care which reduced the subsequent performance of 
the trees on Fringe schemes. This issue is further discussed in the 
overall assessment of land development in the last chapter. 
9.4 ADEQUACY OF SETTLERS' INCOME 
Another step in the assessment from the settlers' viewpoint is 
to critically examine the adequacy of their income. This involves 
specification of the income level considered necessary to provide a 
'reasonable' standard of living for an average settler family. The 
financial position of settlers is also compared to that in their previous 
employment and to that of individual smallholders on non-scheme farms 
elsewhere. 
9.4.1. Income For Reasonable Standard of Living 
Defining a reasonable standard of living is of course a very 
subjective process. The best approach is probably to define it in 
terms of the estimated cost of a specified amount of goods and services 
considered essential to provide an average family with a comfortable 
and healthy living. This, still subjective, involves a considerable 
knowledge of nutritional and other requirements, and is outside the 
scope of this study. It is considered sufficient here to define a 
reasonable standard of living in terms of the earnings and costs of 
living of another group in the rural area whose standard may already be 
considered satisfactory in a national context. 
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Earnings of estate workers. The earnings of tappers and 
workers on estates which are members of the Malayan Agricultural 
Producers' Association (M.A.P.A.) have been suggested as the only 
2 
criterion available for comparison in the circumstances. In the 
Second Malaysia Plan, rubber estates are classified as being in the 
'modern rural sector and as providing high~income employment of the 3 
sort to which the efforts of rural development are directed. The 
choice of this criterion is therefore considered appropriate. The 
estates referred to have concluded a wage agreement with the National 
Union of Plantation Workers (N.U.P.W.); this agreement is subject to 
revision from time to time, depending on whether there is a prima facie 
case for an increase in wage rates. The MAPA-NUPW wage agreement in 
force (up to the end of February, 1972) at the time of writing is that 4 
handed down by the Industrial Court in March 1968, although a new 
agreement is now being negotiated between the two parties.^ 
Under this agreement a plantation worker is reckoned by the 
N.U.P.W. to have obtained a 'fair wage' for his labour, this fair wage 
being defined as 'a mean between the minimum or subsistence wage and 
the living wage'. The living wage, which the N.U.P.W, hopes to achieve 
in gradual stages, is 'a wage sufficient to provide not only the absolute 
2 
See C. Barlow and Chan Chee-Kheong, 'Towards an Optimum Size of Rubber 
Holding', Journal of Rubber Research Institute of Malaya, Vol.21, 
Part I, 1968, pp.613-653. 
\alaysia. Second Malaysia Plan. 1971-1975, (Kuala Lumpur: The Government 
Press, 1971), p.37. 
Malaysia, Industrial Court Award No.8/68: Industrial Court Cases Nos. 
7 & 9 of 1967 between Malayan Agricultural Producers' Association 
and National Union of Plantation Workers. Kuala Lumpur, Handed down 
on 23rd March 1968. 
^The new agreement was signed on 27th March 1972, covering the period 
1st March 1972 to 28th February 1975. 
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essentials of food, shelter and clothing, but also for the education of 
children, for protection against ill health, for insurance against old 
age and misfortunes and for a condition of frugal comfort.'^ The fair 
wage is stated to depend, inter alia, upon three factors, namely the 
productivity of labour, comparable wages elsewhere in the economy and 
the capacity of the rubber industry to bear the wage burden. 
The earnings of a tapper consist of a basic wage of $3.10 per 
tapping day, together with other components that vary with the price 
level and the amounts of latex and scrap brought in under certain 
defined conditions. In addition the tapper is assured of receiving 
certain non-monetary fringe benefits. Details of wage components have 
already been given in conjunction with the derivation of tapping costs 
in Chapter 5 (5.1.2.). It should however be noted that the monthly 
earnings of tappers and other plantation workers vary from estate to 
estate, depending on the number of tapping days and the prevailing 
factors on which the other components of earnings are based. 
The estimated earnings per family on estates must take account 
of labour benefits, which include hospital and medical expenses, mater-
nity allowances, employers' liability and workmen's compensation, educa-
tion and welfare, sanitation, creche expenses, labour lines, sick leave 
pay, holiday pay, E.P.F, and bonuses. 
The average monthly earnings and working days for the different 
categories of estate workers in West Malaysia, together with the propor-
tions of each in the labour force, are detailed in Table 9.12. These 
show that in 1969, the latest year for which information is available, 
more than two-thirds of estate workers were employed as tappers, most 
of the balance being weeders, factory and foremen. Using the proportions 
6 
1968 wage agreement, op.cit., p.10. 
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TABLE 9.12. AVERAGE MONTHLY WORKING DAYS, MONTHLY EARNINGS AND PROPOR-
TIONS OF ESTATE WORKERS, WEST MALAYSIA: BY TYPE OF 
WORKER, 1969 
Type of worker Working days 
(days/month) 
Proportion of 
total workers 
a ) ^ 
Monthly earnings 
($/worker) 
Tappers 26 69.0 116 
Weeders 22 13.5 68 
Factory workers 26 6.0 117 
Foremen 27 3.0 151 
Arsenite sprayers 22 0.5 87 
Average 25 92.0 110 
Details of office staff and other workers, forming about 8 percent, are 
not available. 
Source: Computed from Monthly Statistical Bulletin of West Malaysia, 
Department of Statistics, Kuala Lumpur, January 1971, p.208. 
of workers as weights, the average monthly earnings per worker can be 
estimated at $110. The earnings are unlikely to have changed signifi-
cantly since 1969. To these returns, however, should be added the 
labour benefits which have been worked out at about 62 cents per day on 
Asian-owned estates and 83 cents per day on European estates.^ The 
average is 72 cents per day, or $18 per 25 day month. On the assumption, 
based on field experience, that two persons are employed in a family, 
the above figures work out at $220 per family per month, or $256 if labour 
benefit-s are included. 
The costs of living of N.U.P.W. workers are not known. It is 
considered appropriate here to use the information secured from the 1957 
Q 
Household Budget Survey, to provide an indication of the level of 
Rubber Research Institute of Malaya, Guide to Estate Management (1970 
ed.) Economics and Planning Division, Report No.7, Kuala Lumpur, 
June 1970, p.58 
^Federation of Malaya, Household Budget Survey of the Federation of 
Malaya 1957-58, Department of Statistics, Kuala Lumpur, 1959. 
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expenditure of the rural families earning income equivalent to the 
N.U.P.W. workers. In this survey, details of consumption expenditures 
of Malaya, Chinese and Indian in both rural and urban sectors were 
secured, and segregated according to the four income groups '$1-$150', 
•$151-$300', •$301-$500' and '$501-$1,000' per month per household, 
A scrutiny of income distribution pertaining to Malay households in 
the rural areas indicated that three-quarters of the households included 
earned less than $150 per month, slightly over one-fifth had $151 to $300 
per month and the balance belonged to higher income classes. 
The N.U.P.W. workers may be regarded as being in the '$151-$300' 
income class. The consumption expenditures of a rural Malay household 
in this income group (with an average of 5.9 persons) amounted to $171 
per month in 1957-58. If one allows for a one percent annual increase 
in the cost of living (as discussed in 5.1.3., Chapter 5), this am.ount 
approaches $200 per month in 1971 price terms. It appears from this 
that the earnings of the N.U.P.W. workers ($220-$250 per month) are 
sufficient to cover the consumption expenditures, and provide a reason-
able standard of living. 
Cost of living of smallholders. It is almost certain that 
the consumption expenditures of a rural family are substantially lower 
than the figures just quoted. Good evidence for this comes from data 
on household expenditures, which were secured as part of a survey of 
9 
smallholders' credit requirements in Selangor towards the end of 1970. 
The information sought was comprehensive, and covered food, clothing, 
utensils, pilgrimages, feasts, and such expenses as children's pocket 
Rubber Research Institute of Malaya, A Survey of Smallholders' Credit 
Requirements. Kuala Lumpur, 1970. (The writer was involved in this 
survey, the results of which have not yet been published). 
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money, medical fees, entertainment, etc. The results pertaining to 
three samples totalling 199 smallholders are summarised in Table 9.13, 
TABLE 9.13. AVERAGE FAMILY SIZE, MONTHLY CASH INCOMES AND COSTS OF 
LIVING PER FAMILY IN THREE RUBBER-GROWING AREAS, 
SELANGOR^, 1970 
I t e m 
Family size 
Farm area 
Cash income 
Expenditures 
Household goods 
Durable goods 
Education, medical, 
etc. 
Debt and religious 
payment 
Agricultural inputs 
and taxes 
Pilgrimage, wedding, 
etc. 
Total 
Sample 1 
(119)b 
Sample 2 
(47) 
Sample 3 
(33) 
6.6 
3.7 
110.5 
80.6 
3.5 
9.1 
12.8 
6 , 1 
19.5 
131.6 
87.2 
4.3 
8.3 
7.8 
10.4 
23.8 
141.8 
5.4 
4.2 
97.3 
71.1 
2.5 
4.7 
2.8 
4.6 
9.5 
95.2 
Total 
(199) 
6.2 
4.0 
112.1 
80.6 
3.5 
8.2 
10.0 
6.9 
18.9 
128.1 
Sample 1 included holdings selling latex while samples 2 and 3 covered 
those selling sheet rubber which was manufactured, respectively, in 
^ group processing centres and singly-owned sheds. 
Figures in brackets denote numbers of families in class. 
"^From sales of rubber, other crops, livestock and off-farm earnings. 
Income from rubber is extracted from records of central factory and 
group processing centres for period August 1969 to August 1970, 
other receipts being based on interviews. Non-cash income, i.e. 
products consumed in households, amounted to only $2-$4 per month per 
^ family (see Table 9.18) and was not included. 
Aggregated from itemised expenditures under each of the major headings 
shown. 
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The figures in Table 9.13 show that, on average, a rural family 
of 6.2 persons spent $128 per month on house-keeping; over 60 percent 
of this was on household goods including mainly foodstuffs, drinks and 
clothing. Next in importance was expenditure on pilgrimage, feasts, 
debt and religious payment. Indeed, average consumption expenditures 
in samples 1 and 2 were more than the estimated cash incomes by about 
$21 and $15 respectively. These deficits were due to the fact that a 
few in the samples spent large sums on pilgrimage and fe-'sts. The money 
for these purposes was secured from past savings, or raised through pawns. 
The amounts of savings, in both cash and jewellery, averaged $143, $267 
and $142 per family in samples 1, 2 and 3 respectively at the time of 
field visits. The smallholders in sample 2, and some in sample 1, can 
probably be regarded as somewhat 'above average' because they were those 
who used the facilities at group processing centres and had better 
yielding rubber tree stock (see footnotes. Table 9.13). 
The level of consumption of smallholder-families farming other 
crops is not likely to be very different. For example, in an economic 
survey in 1966, Narkswasdi and Selvadurai found that the monthly consump-
tion expenditure of padi farmers (who earned a monthly income of $147-
$175 per family) in Malacca was about $130-$150 per family; this includes 
the consumption of padi to a value of $26-$48 produced on the farms.^^ 
The size of the family in this instance was 7.3 persons. 
It is a common opinion that most of the rubber and padi small-
holders in the categories described are 'poor'. Their monthly income 
ranges between $100 and $130 per family, little above the $100 a month 
level popularly taken to differentiate the 'haves' and 'have-nots' in 
^^U. Narkswasdi and S. Selvadurai, Economic Survey of Padi Production in 
West Malaysia, Ministry of Agriculture and Co-operatives, Kuala 
Lumpur, May, 1967. 
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West Malaysia.^^ They cannot, therefore, be expected to attain the 
consumption level (about $200 per family per month) reckoned to be 
enjoyed by the N.U.P.W. workers. Thus the earnings of most rubber 
and padi small growers would have to be doubled to achieve the earnings 
of $200-$250 per month considered necessary to support a reasonable 
I 
standard of living. 
9.4.2. Settlers' Standard of Living 
Mean monthly expected labour incomes from the rubber scheme 
holdings have been computed from Tables 9.2(a), (b) and (c). These are 
segregated by tapping age group in Table 9.14. The total farm income to 
the settler-family, obtained by adding supplementary income to labour 
income, are also shown in the same table. 
TABLE 9.14. EXPECTED MONTHLY EARNINGS OF SETTLER-FAMILIES: BY AGE 
GROUP 
Age group 
(years in 
tapping) 
Without supplementary in-
come ($/mth/family)^ 
With supplementary income 
($/mth/family) 
F.L.D.A. 
(9.1)^ 
State 
(8.8) 
Fringe 
(7.4) 
F.L.D.A. 
(9.1) 
State 
(8.8) 
Fringe 
(7.4) 
1 - 5 103 117 66 147 174 133 
6 - 10 149 150 87 193 207 154 
11 - 15 182 179 92 226 236 159 
16 - 20 338 213 105 382 270 172 
21 - 25 260 163 80 304 220 147 
26 - 30 186 121 63 230 178 130 
Average 203 158 82 247 215 149 
j^Computed from Tables 9.2(a), (b) and (c) . 
Figures in brackets refer to the size of the family, 
11 Malaysia, The 1971 Budget. Budget address by Tun Tan Siew Sin, 
Minister of Finance, Kuala Lumpur, 22 December 1970. 
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Labour income from the scheme holding. Table 9,14 shows 
that only on F.L.D.A. schemes does the average labour income from the 
holdings only approach the specified reasonable income. The segregation 
by tapping age group also shows that in fact the average labour income 
on F.L.D.A. schemes only exceed $200 per month from the sixteenth to the 
twenty-fifth year, after the loans have been paid up (end of the fif-
teenth year). Over the first five years of tapping the labour income 
on these schemes is only $103. On State schemes the labour income only 
exceeds $200 during the peak income period from the sixteenth to the 
twentieth year of tapping. The labour income accruing to the Fringe 
settlers is extremely low throughout the period. 
A perusal of individual schemes /Tables G9.1(a), (b) and (c^/ 
reveals that settler-families on three of six F.L.D.A. schemes 
(Serampang, Tenang and Percha) can expect to receive a mean monthly 
income well above $200, and so may enjoy a reasonably comfortable living, 
from the eleventh to the thirtieth year; this standard can also be 
achieved on two schemes (L.B.J, and Awah) from the sixteenth to the 
twenty-fifth year, and on one other scheme (Gedangsa) from the sixteenth 
to the twentieth year. Only two State schemes (Labu and Panchang) can 
provide a monthly income of $200, from the eleventh to the twenty-fifth 
year of tapping. In contrast, none of Fringe schemes can expect to 
achieve this standard. 
Major factors influencing settlers' labour income, apart from 
the size of the holding, are the yield of rubber and its market price. 
Income levels are likely in practice to fluctuate by 30-40 percent from 
the mean values in Table 9.14. This is the order of variation denoted 
by the best and worst estimates set out in Tables 9.2(a), (b) and (c) . 
Total farm income. Obviously, this provides a better guide 
to the expected living conditions of the settlers, although it should 
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be appreciated that the flow of supplementary income is not regular. 
The evidence from the survey, however, suggested that apart from casual 
employment receipts from other off-farm sources were quite regular. 
Table 9.14 indicates the major role played by off-farm 
activities in supplementing the income of the settlers. In terms of 
the overall average, earnings of F.L.D.A, settlers are raised by more 
than one-fifth (from $203 to $247 per month), whilst those pertaining 
to State and Fringe schemes by mote than one-third (from $158 to $215 
per month) and four-fifths (from $82 to $149 per month) respectively. 
The high supplementary income of the Fringe settlers has contributed 
to narrowing the income differentials between types of land development 
programme. 
In these terms the settlers on both F.L.D.A. and State schemes 
can expect to achieve the specified income for a reasonable standard of 
living from the sixth year onward. The average total family income of 
about $150 a month on Fringe schemes is still below the desired level 
for a rural family. These settlers have relatively smaller families, 
however (as discussed in the next chapter, 10.1.1.), and might therefore 
spend less on consumption. Details of consumption expenditures were 
not secured during the settlers' surveys because of limited time; the 
credit survey referred to earlier (see footnote 9, p.303) was also 
thought adequate to give an indication. Instead five to six settlers 
on each scheme were hand-picked and questioned in an informal manner. 
The answer elicited from this effort was surprisingly uniform, mostly 
indicating a consumption expenditure in the range of $120 to $150 a month; 
this is in line with the expected income calculated for the first five 
year period,, as might be anticipated with the high propensity to 
consume. 
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9.4.3. Income Prior to Joining the Scheme 
Despite the limitations discussed, land development programmes 
have certainly succeeded in raising the income of the settlers, and 
hence their living standards. In the settlers' surveys efforts were 
made to gain some idea as to the extent of this improvement by questioning 
the settlers on the 'average monthly cash income' earned by them before 
joining the scheme. Admittedly too much reliance cannot be put on data 
secured in this manner, since the settlers were asked to provide infor-
mation pertaining to the late 1950s or early 1960s. 
The results are nevertheless summarised in Table 9.15, to 
enable a rough comparison with income currently earned. The previous 
incomes of settlers averaged $89, $70 and $66 on F.L.D.A., State and 
Fringe schemes respectively. These incomes are low even if one allows 
TABLE 9.15. AVERAGE MONTHLY INCOME PRIOR TO JOINING THE SCHEME: BY 
INCOME GROUP. 1959/60 
Income group 
($/family) 
Amount of income before joining ($/mth/family) 
F.L.D.A. State Fringe 
Below 50 
51 - 100 
Above 100 
Average 
33.1 ( 57)^ 
64.7 ( 72) 
150.4 ( 80) 
88.9 (209) 
30.3 ( 92) 
67.9 (150) 
129.6 ( 65) 
69.7 (307) 
15.5 ( 82) 
67.2 (125) 
167.2 ( 39) 
65.8 (246) 
Figures in brackets denote numbers of holdings. 
for inflation at the rate of one percent per annum: the respective 
incomes 10 years after joining the schemes are $98, $77 and $73 per 
12 
month. The great majority of the settlers (about 62 percent on 
F.L.D.A., 79 percent on State and 84 percent on Fringe schemes) earned 
12 t Compounded using (1.01) , where t = 10 (see 5.1.3,, Chapter 5). 
310 
less than $100 a month before, and were therefore in the 'less 
privileged' class by general definition. Details pertaining to 
individual schemes can be found in Table G9.5, which shows that only 
on five schemes (three F.L.D.A., one State and one Fringe) did families 
have average previous income above $100 a month. 
Comparison of Tables 9.14 and 9.15 indicates that, on average, 
the settlers on F.L.D.A. and State schemes have benefitted much more 
than their counterparts on Fringe schemes. This is despite the fact 
that previously F.L.D.A. settlers were largely engaged in relatively 
high-income employment. Tappers and padi farmers formed the biggest 
group in all types of scheme (Table 9.16). With minor exceptions, 
the pattern of previous occupations is broadly similar in individual 
schemes (see Table G9.6). 
TABLE 9.16. PREVIOUS OCCUPATION OF SETTLERS: BY TYPE OF WORK. 1959/60 
Type of work 
Proportion of settlers (%) 
F.L.D . A i . State Fringe 
Tappers 26.8 ( 56)^ 32.9 (101) 42.3 (104) 
Padi farmers 12.4 ( 26) 16.3 ( 50) 18.3 ( 45) 
Ex-servicemen 20.1 ( 42) 8.1 ( 25) 7.7 ( 19) 
Odd jobs 12.4 ( 26) 8.5 ( 26) 15.4 ( 38) 
Petty traders 7.2 ( 15) 3.6 ( 11) 3.7 ( 9) 
Other agricultural work^ 12.0 ( 25) 15.6 ( 48) 7.7 ( 19) 
Other non-agricultural 
work'^ 
9.1 ( 19) 15.0 ( 46) 4.9 ( 12) 
Total 100 (209) 100 (307) 100 (246) 
^Figures in brackets denote numbers of settlers. 
Including fishermen, weeders, and estate workers and other farm workers, 
'^Including government employees, teachers, tin-mine workers, carpenters, 
drivers and barbers. 
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9.4.4. Income of Non-Scheme Rubber Smallholders 
It is also of interest at this juncture to briefly examine 
the income of non-scheme smallholders vis-a-vis the settlers who are 
classified in the 'modern rural sector'. Some data on the former 
has already been given (Table 9.13). Representative data on all non-
scheme rubber smallholdings will probably never be obtained, since 
there is so much heterogeneity in the quality and performance of the 
holdings. Indeed, until recently input-output data was not even 
available from sample studies. The analysis to be presented below is 
based on two national surveys carried out by R.R.I.M. in 1963/64 and 
1968 covering, respectively, 1,071 and 472 'high' and 'low' yielding 
13 
holdings in various parts of West Malaysia. The high-yielding 
holdings were those growing budded trees or clonal seedlings, mainly 
tapped for less than fifteen years. The low-yielding holdings were 
those growing unselected seedlings and largely tapped for more than 
fifteen years. It should be emphasized that the samples were by no 
means representative of units in the smallholding sector, but were 
considered 'somewhat above average' in productivity. 
Average yields, expenditures and incomes are presented in 
Table 9.17. Gross income has been adjusted downward to an assumed 
price of 50 cents a pound RSS 1 f.o.b.^'^ to reflect realistically the 
current situation. Cost estimates have been assumed to remain 
unchanged, however, an assumption considered reasonable in light of 
experience. Table 9.17 indicates that average yield, gross income 
and labour income on high-yielding holdings are about double those on 
low-yielding holdings. In both samples the profit, which takes into 
13 
Rubber Research Institute of Malaya, Surveys of High and Low Yielding 
Smallholdings. Kuala Lumpur, 1963/64 and 1968. (Not yet published). 
^^The average annual price for RSS 1 f.o.b. over the survey periods in 
1963/64 was 69.4 to 73.7 cents a pound and 54.2 cents a pound in 1968. 
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account the opportunity cost of family labour, is negative on low-
yielding holdings, indicating that their productivity is too low to 
provide any return to the operator's capital investment and management 
The profit is positive on the high-yielding holdings. 
TABLE 9.17. AVERAGE YIELDS, EXPENDITURES AND INCOMES OF NON-SCHEME 
SMALLHOLDINGS GROWING HIGH AND LOW YIELDING MATERIALS. 
WEST MALAYSIA 
High yielding holding Low yielding holding^ 
I t e m Sample 1 
(495)c 
Sample 2 
(365) 
Sample 1 
(576) 
Sample 2 
(107) 
lb/acre/ 
year 
lb/acre/ 
year 
lb/acre/ 
year 
lb/acre/ 
year 
Yield^ 1064 940 503 575 
acre/ 
holding 
acre/ 
holding 
acre/ 
holding 
acre/ 
holding 
Area 7.4 5.2 4.9 5.2 
$/acre/yr $/acre/yr $/acre/vr $/acre/vr 
e Gross income 348.1 307.5 164.5 187.9 
Costs: 
Material & others 86.0 42.5 47.9 27.1 
Family labour 255.9 214.7 159.5 233.9 
Total cost 341.9 257.2 207.4 261.0 
Labour income 262.1 < 265,0 116.6 160.8 
Profit 6.2 50.3 -42.9 -73.1 
$/holding/ 
month 
$/holding/ 
month 
$/holding/ 
month 
$/holding/ 
month 
Total labour income 161.6 114.8 47.6 69.7 
j^Growing either budded trees or clonal seedlings. 
Growing ordinary unselected seeldings. 
^Figures in brackets denote numbers of holdings surveyed. 
Annual yields secured from group processing centre records. 
^Assume an f.o.b. RSS 1 price of 50 cents a pound. Gross income from 
latex was based on average RSS 2/3 price less export duty, replanting 
and research cesses (7.48 cents per lb) and average dealers' margin 
for smoked and unsmoked sheets (6.0 cents per lb), whilst gross 
income from lower grades was based on 60 percent of the f.o.b. 
RSS 1 price net of export duty and cesses. 
Sources: Computed from Rubber Research Institute of Malaya. Unpublished 
results of Surveys of High and Low Yielding Smallholdings 
in 1963/64 (sample 1) and 1968 (sample 2). 
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Since the commonest situation is one where labour is supplied 
by the family, the appropriate measure of financial performance to use 
again is the labour income defined earlier. This is $262 to $265 per 
acre per year on high-yielding holdings, compared to $117 to $161 per 
acre on low-yielding holdings. Using these figures, and on the basis 
of the holding size reported, total labour income per family works out 
at $115 to $162 a month on high-yielding holdings and $48 to $70 a 
month on low-yielding holdings. 
Data on the supplementary income of operators of these holdings 
were not obtained, but information secured from the credit survey in 
Selangor reveals that an average of about $46 a month can be expected 
(Table 9.18). If this is true of rubber smallholders in other parts 
of West Malaysia, which field experience tends to suggest,^^ total 
TABLE 9.18. AVERAGE MONTHLY SUPPLEMENTARY INCOME OF RUBBER SMALLHOLDERS 
IN SELANGOR: BY SOURCE OF INCOME. 1970 
Sources of income 
Supplementary income 
($/mth/family) Total 
(199) Sample 1 
(119) 
Sample 2 
(47) 
Sample 3 
(33) 
Cash 
Off-farm employment 38.5 34.8 28.2 35.9 
Other crops 4.9 2.3 2.3 3.9 
Livestock 1.7 7.3 2.8 3.2 
Total 45.1 44.4 33.3 43.0 
Value of products consumed 
Other crops 0.5 2.0 2.3 1.2 
Livestock 1.6 1.0 1.6 1.5 
Total 2.1 3.0 3.9 2.7 
Both 47.2 47.4 37.2 45.7 
^^Indeed, in certain States like Kedah, Pahang and Kelantan the off-farm 
earnings may be more because of considerable employment opportunities 
in padi holdings and in dusun. 
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monthly farm earnings would amount to $160-$200 on high-yielding 
holdings and $90-$110 on low-yielding holdings. The former earnings 
should now be becoming progressively commoner, in that over 60 percent 
of the smallholding acreage in West Malaysia has been replanted with 
high-yielding planting material, and that significant improvements in 
productivity have also been achieved in other ways, e.g. by usage of 
fertilisers and improved stimulants. 
The mean yields, expenditures, and incomes pertaining to 
holdings on the average F.L.D.A., State and Fringe schemes in Tables 
9.2(a), (b) and (c) have been re-calculated in Table 9.19 on the assumed 
constant price of 50 cents a pound RSS 1 f.o.b. This adjustment enables 
TABLE 9.19. AVERAGE YIELDS, EXPENDITURE AND INCOMES OF HOLDINGS ON 
F.L.D.A., STATE AND FRINGE SCHEMES^ 
I t e m F.L.D.A. State Fringe 
Ib/acre/yr Ib/acre/yr Ib/acre/yr 
Yield 1534 1261 1062 
acre/holding acre/holding acre/holding 
Area 7.8 6.3 4.0 
$/acre/yr $/acre/yr $/acre/yr 
Gross income 540.5 444.3 374.2 
Costs: 
Material &. others 48.7 56.2 60.8 
Loan repayment 112.6 31.5 19.4 
Family labour 204.2 190.1 180.3 
Total cost 365.5 277.8 260.5 
Labour income 379.2 356.6 294.0 
Profit 175.0 166.5 113.7 
$/hlde/mth $/hldg/mth $/hldg/mth 
Total labour income 246.5 187.2 98.0 
^Based on mean estimates in Tables 9.2(a), (b) and (c) 
315 
a meaningful comparison between settlers' labour income and that 
earned by non-scheme smallholders. A comparison of monthly labour 
incomes per holding in Table 9.17 and 9.19 (which do not include 
supplementary income) shows that settlers on both F.L.D.A. and State 
schemes are much better off than individuals farming outside the 
scheme area. In contrast settlers on Fringe schemes cannot expect to 
be better off than those operating high-yielding holdings; their 
labour income is nevertheless more than those farming low-yielding 
holdings. 
9.5 CONCLUSIONS 
While it is beyond doubt that the land development strategies 
have succeeded in raising the income of the settlers, as compared both 
to their previous earnings, the achievement is varied. Settlers on 
most F.L.D.A. schemes and some State schemes may be deemed to be 
earning an income ($200-$250 per month) sufficient to provide a reason-
able standard of living. But the latter is far from being attained by 
operators on the Fringe-type developments. Even as far as F.L.D.A. 
schemes are concerned expected labour income per family still falls 
short of what was an original targetted level of $300 a month first 
mentioned about a decade ago.^^ The latter would have been realistic 
if a rubber price of 60-70 cents per pound had been maintained. 
Since export prices of rubber seem unlikely to improve much 
again, one wonders whether the government might need to consider more direct 
ways of improving the income of rubber growers; this is in addition to 
the efforts already directed at replanting, improved exploitation of 
current tree ^tock, and processing and marketing. One possible avenue 
^^Federation of Malaya, Second Five-Year Plan 1961-1965. (Kuala Lumpur: 
The Government Press, 1961), p.9. 
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here would be to remove or reduce the replanting cess levied on small-
holders' rubber.^^ At 4.5 cents a pound, this cess forms about 10 
percent of the current f.o.b. price, and so its removal would signifi-
cantly raise smallholders' incomes. Alternatively, the Government 
could waive some loan repayments in view of the fact that replanting 
cess is being paid. This measure will have identical effect and will 
be more acceptable politically as compared to a remission of the cess 
on scheme holdings only. 
In the long run, however, any substantial improvement in the 
economic position of rubber smallholders would appear to depend on 
increasing the physical size of holdings, and on intensifying the use 
of resources and other farm enterprises on existing land. There is 
sufficient labour supply from farm families to meet the requirements 
of larger enterprises in either of these terms. They are discussed 
further in the last chapter. 
Lira Chong Yah first suggested in 1960 a remission of a large part 
or the whole of the export taxes (export duty, replanting cess 
and research cess) to smallholders when the price of rubber is 
low. For a discussion on the 'regressiveness', see Lim Chong Yah, 
'Export Taxes on Rubber in Malaya - A Survey of Post-War Develop-
ment', The Malayan Economic Review, Vol.V, No.2, October 1960, 
pp.46-58; and A. Tan Hui Heng, Natural Rubber: Problems and 
Techniques of Stabilization, M.A. Prospectus, University of 
Malaya, 1962. 
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CHAPTER 10 
FAMILY SIZE, RESOURCE USE AND FARM SIZE 
In this chapter the size of settler-families, the potential 
supply of and demand for labour, and the potential productivity of 
resources are investigated. The aim is to estimate the extent of 
under-utilization of settlers' labour, and to suggest ways of aug-
menting the low incomes currently earned by the settlers. As intro-
ductory background, some further details are given of the settler-
families and their holdings> 
10.1 SETTLER-FAMILY AND RELATED SUBJECT 
10.1.1. Details of the Settler-family 
The size of family. A distribution of the size of families 
on individual schemes has been constructed (see Table GlO.l), and a 
sum.mary by type of scheme is presented in Table 10.1. The most striking 
feature of this distribution is that almost half the 762 settler-families 
surveyed are in the 'above eight persons' class. The proportion of 
families in this class is highest on F.L.D.A. schemes (63 percent), and 
lowest on Fringe schemes (32 percent). Except on Fringe schemes there 
are relatively few families in the '1-4 persons' class. 
TABLE 10.1. PROPORTION OF SETTLER-FAMILIES: BY SIZE OF FAMILY. 1969/71 
Family size 
(person) 
Proportion of families (7o) 
Total 
F.L.D.A. State Fringe 
1 - 4 
5 - 8 
Above 8 
Total 
3.4 ( 7)^ 
33.9 ( 71) 
62.7 (131) 
100 (209) 
4.2 ( 13) 
40.7 (125) 
55.1 (169) 
100 (307) 
15.0 ( 37) 
52.9 (130) 
32.1 ( 79) 
100 (246) 
7.5 ( 57) 
42.8 (326) 
49.7 (379) 
100 (762) 
Unless stated otherwise, figures in brackets in this and subsequent 
tables denote numbers of settler-families. 
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The size of the family averages 9.1, 8.8 and 7.4 persons on 
F.L.D.A., State and Fringe schemes respectively (Table 10.2), These 
averages are high compared with the national average of 5.5 persons per 
household in 1970.^ The families of settlers are also bigger than 
those of persons farming outside the scheme area. For example, the 
size of individual rubber smallholder families in Selangor was found 
to be 6.2 persons per household (Table 9.13, p.304), whilst the average 
family s 
ize on padi farms varied from 5.1 persons in Kelantan to 7.3 
3 
persons in Malacca. As for coconut farms, persons per household 
ranged between 4.9 in Kelantan and 7.4 in Selangor/Perak.'^ Finally, a 
survey of pineapple farms in Johore reported an average family size of 
7.4 persons.^ That settlers have bigger sizes of family is in line 
with the general land development policy of favouring those applicants 
with large numbers of children. Further information about families on 
individual schemes is given in Table GlO.2. 
Adults and children. During the survey the individuals in 
each settler-family were classified either as 'adults' or 'children', 
according to whether they were above or below 16 years of age. This 
^Malaysia, 1970 Population and Housing Census of Malaysia: Field Count 
Summ.ary, Department of Statistics, Kuala Lumpur, 1971. 
2 
S. Selvadurai, Ani b. Arope and Nik Hassani b. Mohammad, Socio-Economic 
Study of Padi Farms in the Kemubu Area of Kelantan, 1968, Ministry of 
Agriculture and Co-operatives, Kuala Lumpur, October 1969. 
3 
U. Narkswasdi and S. Selvadurai, Economic Survey of Padi Production in 
West Malaysia: Report No.3 - Malacca, Ministry of Agriculture and 
Co-operatives, Kuala Lumpur, October 1967. 
^S. Selvadurai, A Preliminary Report on the Survey of Coconut Small-
holdings in West Malaysia, Ministry of Agriculture and Co-operatives, 
Kuala Lumpur, March 1968. 
^S. Selvadurai and S. Jegatheesan, An Economic Survey of Pineapple 
Smallholdings in Pontian, Johore, Ministry of Agriculture and Co-
operatives, Kuala Lumpur, August 1968. 
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age barrier has been popularly used in farm surveys in West Malaysia; 
field experience also indicated that a person aged 16 years and above 
was usually able to perform similar work loads to adults, 
TABLE 10.2. DETAILS OF SETTLER-FAMILIES. 1969/71 
I t e m 
Proportion of persons (7„) 
Total 
F.L.D.A. State Fringe 
Adults : 46.2 (4.2) 50.0 (4.4) 50.0 (3.7) 48.8 (4.1) 
Employed as tappers 17.6 (1.6) 14.8 (1.3) 16.2 (1.2) 16.7 (1.4) 
Employed off-farm^ 5.5 (0.5) 10.2 (0.9) 9.5 (0.7) 8.3 (0.7) 
Unemployed^ 23.1 (2.1) 25.0 (2.2) 24.3 (1.8) 23.8 (2.0) 
Children 53.8 (4.9) 50.0 (4.4) 50.0 (4.4) 51.2 (4.3) 
Total 100 (9.1) 100 (8.8) 100 (7.4) 100 (8.4) 
^Including tappers employed elsewhere. 
Probably including small amount of labour engaged in other farm enter-
prises (see text). 
On State and Fringe schemes an average of half the family 
members were adults as defined here. On F.L.D.A. schemes the proportion 
of adults were slightly lower, 46 percent (Table 10.2). Although precise 
information was not secured as to the proportion of younger adults who 
were still schooling, it was noted that these were very few in number. 
In view of this it is assumed in the following analysis that all adults 
contribute to the potential supply of labour on the holdings. This 
means that persons classified as adults could actually be gainfully 
employed if there was work available. 
Persons employed as tappers. It was reported that averages 
of 1.6, 1.3 and 1.2 persons per family worked as tappers on the holdings 
of F.L.D.A., State and Fringe schemes respectively. These people also 
carried out maintenance operations. Thus the scheme holdings provided 
work for less than 40 percent of the total number of adults considered 
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eligible for gainful employment; the workers also comprised less than 
one-fifth of the total settler population. In almost all cases the 
head of family was the main tapper most of the time, and was assisted 
by his wife or one other member of the family. Hired labour was not 
reported, the major reason being the plentiful supply of labour and the 
lack of off"farm employment opportunities. Details about the utiliza-
tion of labour on various tapping operations are presented under the 
next heading. 
Attempts were not m.ade to secure information on labour engaged 
in the 'other farm enterprises' outlined in Chapter 9 (9.3.), both 
because very little time was said to be spent on these activities and 
because it was not thought possible to derive any reasonably reliable 
estimates through interviews. It is believed that the tappers usually 
spend som.e time in their house lot during the afternoons, and on non-
tapping days. 
Persons employed off-farm. Off-farm employment opportunities 
were lacking, particularly for families residing in the central villages 
on F.L.D.A. schemes. The survey showed that only 12 to 22 percent of 
the adults were employed in this way, averaging 0.5 (on F.L.D.A, schemes) 
to 0.9 (on State schemes) persons per household (Table 10.2). The types 
of off-farm activities have already been discussed before. 
Unemployed adults. Individuals who were not employed regu-
larly as tappers or engaged in off-farm activities are termed 'unemployed', 
although some of them might have occasionally assisted in other farm 
operations. They comprised just over one half of the total number of 
adults in the settler-families investigated. Questions were not asked 
as to whether they were actively looking for employment, either within 
or outside the scheme area. It was the common opinion that even if 
they wanted to work there were limited openings for wage employment. 
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10.1.2. Details About the Holdings 
pittance from residence _to_holdings. Since the settlers 
participating in State and Fringe schemes do not live on the schemes, 
it can be expected that they have to travel much longer distances than 
their counterparts on F.L.D.A. schem.es. This is clearly shown in 
Table 10.3; the fact that more than one-third of the settlers on 
Fringe schemes reported travelling three miles or more is surprising, 
however, because the Fringe-type of development was supposed to aim at 
TABLE 10.3. PROPORTION OF SETTLER-FAMILIES: BY DISTANCE FROM THE 
HOUSE. 1969/71 
House/holding 
distance 
(mile) 
Proportion of settlers (%) 
Total 
F.L.] D . A . State Fringe 
Below 0.5 13.9 ( 29) 18.6 ( 57) 8.1 ( 20) 13.9 (106) 
0.6 - 1.0 26.3 ( 55) 27.0 ( 83) 10.2 ( 25) 21.4 (163) 
1.1 - 2.0 33.0 ( 69) 26.7 ( 82) 23.6 ( 58) 27.4 (209) 
2.1 - 3.0 25.4 ( 53) 5.9 ( 18) 21.1 ( 52) 16.2 (123) 
3.1 plus 1.4 ( 3) 21.8 ( 67) 37.0 ( 91) 21.1 (161) 
Total 100 (209) 100 (307) 100 (246) 100 (762) 
supplementing the earnings of individuals living within a radius of 
two to three miles. The great distances involved had certainly made 
it m.ore difficult for these settlers to maintain their young rubber 
trees properly during the early stages. Again, despite their advan-
tage of living within the schemes, about one-quarter of the F.L.D.A. 
settlers reported travelling a distance of two to three miles, due to 
the large planted acreage involved. A distance of one to two miles 
is generally thought to be a reasonable range for most smallholders 
in the rural area. 
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The bicycle was the commonest means of transport, although 
a few settlers used motorcycles. The majority of tappers would spend 
30 to 40 minutes a day travelling, the time varying according to both 
the distance and topography of their holdings. 
Topography of holding. The classification of holdings by 
topography in Table 10.4 is not precise, since some holdings comprised 
two or more of the features listed; in these cases the holdings are 
grouped under the categories which account for more than 60 percent of 
TABLE 10,4. PROPORTION OF HOLDINGS BY TOPOGRAPHY. 1969/71. 
Topography 
Proportion of holding (7o) 
Total 
F.L.D.A. State Fringe 
Level 
Undulating 
Gentle slope 
Steep slope 
Total 
21.1 ( 44) 
26.3 ( 55) 
47.4 ( 99) 
5.2 ( 11) 
100 (209) 
20.8 ( 64) 
37.8 (116) 
37.5 (115) 
3.9 ( 12) 
100 (307) 
34.6 ( 85) 
15.0 ( 37) 
39.8 ( 98) 
10.6 ( 26) 
100 (246) 
25.3 (193) 
27.3 (208) 
40.9 (312) 
6.5 ( 49) 
100 (762) 
their areas. The information^ however, shows that there is no conclu-
sive evidence to support the allegation in some quarters that settlers 
on Fringe schemes were reluctant during the development stage to work 
more frequently than necessary, because of steep and difficult terrain. 
As noted before, this reluctance could be ascribed mainly to the vital 
need to earn extra income elsewhere, and to the distances separating 
the schemes and villages. 
Presence of lallang. In Table 10.5 particulars are given of 
the settlers' report on the extent of noxious lallang. Whilst the 
figures presented can give no absolute guide to standards of maintenance, 
they nevertheless give some indication of how the three types of develop-
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ment programmes compare. Here again the data do not appear to support 
a common belief that the great majority of holdings on Fringe schemes 
TABLE 10.5. PROPORTION OF HOLDINGS BY PRESENCE OF LALLANG. 1969/71 
Presence of 
lallang 
Proportion of holding (%) 
Total 
F.L.D.A. State Fringe 
No lallang 
Sporadic lallang 
Sheet lallang 
Total 
74.6 (156) 
24.9 ( 52) 
0.5 ( 1) 
100 (209) 
39.4 (121) 
56.0 (172) 
4.6 ( 14) 
100 (307) 
47.2 (116) 
43.5 (107) 
9.3 ( 23) 
100 (246) 
51.6 (393) 
43.4 (331) 
5.0 ( 38) 
100 (762) 
are covered with 'sheet' lallang. But it is true that a lower propor-
tion of State and Fringe holdings was said to be without lallang (39 
and 47 percent respectively, compared with 75 percent on F.L.D.A. 
schemes), implying relatively poor management and maintenance. 
Settlers' tapping experience. The information in Table 10.6 
shows that a great majority of the settlers had at least some years of 
tapping experience before coming into the schemes; over half of them 
had ten years or more experience. The F.L.D.A. schemes had the most 
TABLE 10.6. PROPORTION OF SETTLERS REPORTING VARYING YEARS OF PREVIOUS 
TAPPING EXPERIENCE. 1969/71 
Previous tapping 
experience 
(years) 
Proportion of settler (%) 
Total 
F.L.D.A. State Fringe 
0 
1 - 9 
10 - 19 
20 - 29 
Above 30 
Total 
42.1 ( 88) 
15.3 ( 32) 
22.0 ( 46) 
18.2 ( 38) 
2.4 ( 5) 
100 (209) 
26.7 ( 82) 
19.2 ( 59) 
19.9 ( 61) 
27.0 ( 83) 
7.2 ( 22) 
100 (307) 
20.7 ( 51) 
20.3 ( 50) 
30.9 ( 76) 
17.9 ( 44) 
10.2 ( 25) 
100 (246) 
29.0 (221) 
18.5 (141) 
24.0 (183) 
21.7 (165) 
6.8 ( 52) 
100 (762) 
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settlers without any experience, about two-fifths of the total who 
were mostly ex-servicemen (Table 9.16, p,310). Only about one-quarter 
of the settlers on State schemes, and about one-fifth of those on 
Fringe schemes, were in this category. 
10.2 THE SUPPLY AND UTILIZATION OF LABOUR 
10.2,1. Total Supply and Requirements of Labour 
The supply of labour. For the purpose of this study the 
total supply of labour per settler-family is defined as the amount of 
labour, measured in terms of eight hour mandays, available for produc-
tive work in a month. It is assumed that only the adults referred to 
earlier are potentially able to contribute to productive work, and 
comprise the total work force. It is further assumed that there are 
330 eight hour working days in a year, or an equivalent of 27.5 mandays 
per month; this is widely considered as a possible maximum level in 
the rural sector, after allowing for rain interference, sickness and 
holidays. 
On the basis of the above assumptions the monthly supply of 
labour per settler-family on the different types of schemes is detailed 
in Table 10.7; this shows that the supply varies little about the 
average of 113 mandays per family per month. A striking feature is that 
persons classified as 'unemployed' during the survey are estimated to 
contribute 58.7 percent of the estimated total of potential mandays. 
The persons engaged in tapping and off-farm activities are also likely 
to be able to contribute mandays, as will be demonstrated in a later 
section. 
Moreover, it may be that the total estim.ated labour supply 
(Table 10.7) is an under-estimation of the true level. This is because 
a person can usually work longer, say nine to ten hours, than the eight-
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TABLE 10.7. ESTIMATED TOTAL MONTHLY SUPPLY OF LABOUR PER SETTLER-
FAMILY AVAILABLE FROM DIFFERENT INDIVIDUALS. 1969/71 
Labour supply 
I t e m (manda ys per month) Total 
F.L.D.A. State Fringe 
Persons employed as tappers 44.0 38.5 33.0 38.5 
Persons employed off-farm 11.0 19.3 16.5 15.6 
Persons unemployed 60.5 63.2 52.3 58.7 
Total 115.5 121.0 101.8 112.8 
hour day assumed in the calculation. Again, children under 16 years 
of age in the rural areas normally assist in a variety of farm 
operations, although their physical input cannot be directly equated 
to that of adults. Of course the true potential supply of labour is 
difficult to define, depending as it does on relative weights attached 
to such factors as health, age, sex and willingness to work. 
The requirements of labour for rubber production. The produc-
tion of rubber commences with tapping early in the morning, usually at 
six or seven o'clock. The length of tapping operation varies according 
to the task size (the number of trees tapped by one tapper), the topo-
graphy, the walking distance between trees, and the speed and skill of 
the tapper. After tapping the last tree in the task, the tapper allows 
the latex to flow for 30 to 45 minutes before collection. When the 
latex is collected, it is transported on bicycle to a latex collection 
station for sale or to a group processing centre for processing into 
sheet rubber. Manuring, weeding and other maintenance operations are 
carried out in the afternoons and on non-tapping days. 
Details of labour inputs pertaining to the various operations 
were secured in the survey, and are summarised in Table 10.8. This 
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TABLE 10.8. AVERAGE MONTHLY LABOUR INPUTS PER ACRE BY WORK CATEGORY 
1969/71 
Work 
Monthly labour (manday per acre) 
category 
F.L .D.A. State Fringe 
Total 
Tapping 2, ,22 (57.5)^ 1.94 (47.7) 1.68 (43.3) 1 .95 (47.0) 
Resting^ 0, .23 ( 6.0) 0.18 ( 4.4) 0. 32 ( 8.2) 0 .24 ( 5.8) 
Collection 0, .88 (22.8) 0.71 (17.4) 0.69 (17.8) 0 .76 (18.3) 
Processing - ( - ) 0.65 (16.0) 0,62 (16.0) 0 .64 (15.4) 
Manuring 0 .04 ( 1.0) 0.03 ( 0.7) 0.04 ( 1.0) 0 .04 ( 1.0) 
Maintenance 0 .49 (12.7) 0.56 (13.8) 0.53 (13.7) 0 .52 (12.5) 
Total 3 .86 (100) 4.07 (100) 3.88 (100) 4 .15 (100) 
^Figures in brackets denote labour input in percentages. 
In practice resting time does not vary with acreage tapped. 
shows that tapping and maintenance labour averages a total of 4.15 man-
days per month per acre. While the average total input varies little 
between types of scheme there is a greater variation in total inputs 
among individual scheme (Table GIG.3). As well. Table 10.8 shows that 
greater differences exist between total inputs for separate work cate-
goriesj particularly those for tapping and maintenance. There is no 
processing labour on F.L.D.A. schemes because the latex is sold imme-
diately after collection. If processing labour, which averages just 
over 0.6 mandays per acre on the other types of scheme, is excluded, 
both the State and Fringe schem.es have a lower labour input. Of course 
these are on average lower in productivity. Tapping is a major operation 
which accounts for about 47 percent of the total labour, followed by 
latex collection and maintenance. 
Obviously the resting time - the interval between end of tapping 
and commencement of latex collection - refers to the entire holding or 
tapping task, but has been reduced to a per acre basis in line with other 
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inputs in Table 10.8. Travelling time to and from the holdings is not 
included. It normally takes 40 to 50 minutes per tapping day and on a 
per acre basis would work out as a slightly higher input than the resting 
time. 
The results in Table 10.9 show that the production and maintenance 
of rubber on settlers' holdings require, on average, a total of 25 mandays 
a month per holding, of which about two-fifths is spent on actual tapping. 
The average total requirement for labour on F.L.D.A. schemes is estimated 
as just under twice that on Fringe schemes, due to the much bigger size 
of the holdings. Details for each individual scheme are included in 
Table GlO.3. 
TABLE 10.9. TOTAL MONTHLY LABOUR REQUIREMENTS ON HOLDINGS BY WORK 
CATEGORY. 1969/71 
Work category 
Monthly labour 
(mandays per holding) 
Total 
F.L.D.A. State Fringe 
Tapping 17.3 12.2 6.7 12.1 
Resting 1.8 1.1 1.3 1.4 
Collection 6.9 4.5 2.8 4.7 
Processing - 4.1 2.5 3.3 
Manuring 0.3 0.2 0.2 0.2 
Maintenance 3.8 3.5 2.1 3.1 
Total 30.1 25.7 15.6 24.8 
(68.4)® (66.8) (47.3) (64.4) 
Figures in brackets refer to total labour requirements expressed as 
percentages of potential labour supply of persons employed as 
tappers (Table 10.7). 
These figures also show that these estimated total require-
ments of labour are only 47 to 68 percent of the estimated potential 
supply available from persons currently working as tappers on the 
holdings. Thus even persons actually working on the schemes can be 
regarded as underemployed. 
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It was noted during the survey that the conventional S/2.d/2 
1007o tapping system, which involves tapping a given area alternate daily, 
was strictly followed on F.L.D.A. schemes. Here the settler chooses 
either to tap the entire holding in one day and rest in the following day, 
or to divide the holding into two halves or tasks, each being tapped 
every other day. The S/2.d/2 100% system is also generally followed on 
the State and Fringe schemes, but because of the small acreage the entire 
holding is usually tapped in one day and is allowed to rest on the 
following day. 
Information on the frequency of tapping is presented in 
Table 10.10 which shows that, on average, settlers on Fringe schemes can 
only work 14.2 days per month, whilst those on State schemes work 16.6 
days per month. As already explained, the size of holdings on F.L.D.A. 
schemes is big enough for the settlers to work more frequently, 21,8 days 
a month on average. About 95 percent of the Fringe settlers are classi-
fied as having worked for less than 19 days a month, whilst nearly half 
of those on F.L.D.A. schemes are able to work more frequently than this. 
The coefficient of variation of tapping days for individual settlers is 
only about 18 percent. 
TABLE 10.10. AVERAGE MONTHLY TAPPING DAYS BY TAPPING DAY GROUP. 1969/71 
Tapping day 
group 
Tapping days per month 
Total 
F. L.D.A. State Fringe 
Below 15 14. 0 ( 4) 12.6 ( 71) 12.2 (114) 12.4 (189) 
15 - 19 15. 9 ( 41) 16.6 (171) 15.3 (118) 16.1 (330) 
20 - 24 21. 6 ( 95) 20.4 ( 62) 20.3 ( 13) 21.1 (170) 
Above 25 26. 0 ( 69) 25.2 ( 3) 28.0 ( 1) 25.9 ( 73) 
Mean 21. 8 (209) 16.6 (307) 14.2 (246) 17.3 (762) 
C.V. ( 7 c ) ^ 18. 3 18.3 17.9 25,1 
Coefficient of variation. 
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A small proportion of settlers on F.L.D.A. schemes, parti-
cularly in Gedang sa and Awah, were reported to have less than 15 
working days a month because of the relatively low tree density; as 
such the holdings are not divided into two tasks for alternate tapping 
but the entire areas are tapped once every alternate day. Although the 
more intensive S/2.d/l tapping system, which involves tapping the same 
area daily, is not officially allowed, some settlers on State and Fringe 
schemes were found doing it irregularly, as may be inferred from the 
'20-24' and 'above 25' working day classes in Table 10.10. To make up 
losses due to rain and other reasons, the settlers are sometimes com-
pelled to tap the trees successively for two days and rest in the third 
day. This 'tap two days, rest one day' system punctuates a given 
monthly tapping period. 
Thus the tappers are not employed for a good number of days 
in a month, quite apart from whether they have sufficient work on the 
days when they do tap. Area :worker ratios and task sizes are presented 
in Table 10.11 for the schemes, and for rubber and oil palm estates. 
The latter obviously provide for more work for their labourers. This 
situation is inevitable where sizes of the holdings are small and 
there are few other employment outlets for family labour. It should 
also be pointed out that working hours are reduced when there is no 
need for the tappers to process their latex into sheet rubber. 
The requirements of labour for off-farm activities and other 
_farm enterprises. Full details are not available here, the only 
information being that pertaining to the number of persons employed 
off-farm and the potential labour supply estimated to be attributable 
to these individuals (Table 10.7, p.325). The latter amounts to five 
to ten percent of the total potential labour supply of the settler-
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TABLE 10.II. A COMPARISON OF AREA:WORKER RATIO AND TASK SIZE BETWEEN 
SCHEMES AND ESTATES 
Type of scheme 
and estate 
3L 
Area:worker ratio 
(acres/worker) 
Task size^ 
(trees/tapper) 
F.L.D.A. 4.9 367 
State 4.8 332 
Fringe 3.3 351 
Rubber estate 8.1 510 - 600 
Oil palm estate 11.5 -
Ratios on rubber and oil palm estates are computed from Monthly 
^ Statistical Bulletin, Department of Statistics, Kuala Lumpur, 1969. 
Task size on the rubber estate is based on Industrial Court Award 
No.8/68: Industrial Court Cases Nos. 7 & 9 of 1967 between Malayan 
Agricultural Producers' Association and National Union of Plantation 
Workers, Kuala Lumpur, March 1968. The task size range refers to 
half-spiral tapping in high-yielding fields sited on 'flat undulating 
ground', the actual number of trees per tapper being inversely 
related to the age of stand. Task sizes on 'contour terraces' and 
'hilly ground' are based, respectively, on 94 and 97 percent of the 
figures quoted. 
family, and can be reasonably assumed to be fully utilized in light of 
the various off-farm activities involved (Table 9.7, p.295). In 
respect of other farm enterprises - predominantly the growing of fruit 
trees and keeping of livestock - no fixed pattern of labour employment 
can be expected. The work was said to be carried out irregularly and 
only in response to need. It normally involved one to two hours a day 
and this would amount to only four to seven mandays a month. 
10.2.2. Surplus of Labour 
It is thus manifest that, despite land development, unemploy-
ment and underemployment are still great among settler-families, a fact 
which has thus far escaped the planners' attention. An attempt is now 
made to quantify the extent of under-utilization of labour. 
The estimated amounts of surplus labour are presented in 
Table 10.12. These are estimated by deducting from the total potential 
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supply of labour the amounts of labour employed in tapping, off-farm and 
in other farm enterprises. The latter is estimated at 7.5 mandays a 
month in light of the earlier indication that a maximum of two hours a 
day is spent on the non~rubber activities. In practice this require-
ment is most likely met by persons employed as tappers on the schemes, 
and as such its inclusion would probably lead to an under-estimation of 
the surplus of labour. The potential supply of labour from persons 
employed off-farm is assumed to be fully utilized. 
TABLE 10.12. MAGNITUDE OF SURPLUS LABOUR^ ON SCHEMES. 1969/71 
(MANDAY PER HOLDING PER MONTH) 
Type of 
scheme 
Total monthly 
labour supply 
Surplus 
case 
labour: 
lb 
Surplus 
case 
labour: 
2C 
Amount 7o Amount % 
F.L.D.A. 115.5 66.9 57.9 53.0 45.9 
State 121.0 68.5 56.6 55.7 46.0 
Fringe 101.8 62.2 61.1 44.8 44.0 
Total 112.8 64.9 57.5 51.2 45.4 
Total monthly labour supply less labour employed in tapping, 
labour employed off-farm and labour engaged in other farm 
^ activities. 
Assuming the excess of potential labour supply of tappers over 
the requirements for rubber production as surplus labour. 
'Assuming no surplus labour supply attributable to the tappers. 
In respect of persons engaged in rubber production on the 
holdings two possible situations are assumed. In the first the 
tappers are assumed to be underemployed, and the excess of their 
potential labour supply (Table 10.7) over actual requirements (Table 
10.9) is treated as part of the surplus. It has already been illus-
trated in Table 10.11 that underemployment probably exists among such 
family workers. In the second situation the tappers are assumed to 
be fully employed in that they work a full eight hours a day. The 
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results in Table 10.12 show that, on average in the two situations, 
unemployment and underemployment amount to 65 and 51 mandays per month 
per family respectively. These totals comprise 58 and 45 percent of 
the total potential supply of labour. The magnitude of surplus labour 
differs little between types of schemes, except that it is greatly 
reduced on Fringe schemes when tappers are assumed to be fully employed. 
Reference has already been made to the fact that unemployment 
and underemployment range from 27 to 72 percent of the total rural 
labour supply available to growers of padi, coconuts, pineapples and 
other crops (Table 6.6, p.199). It would thus appear that the problem 
of surplus labour on holdings in the scheme is no less acute than that 
faced by many individual small growers on holdings outside the schemes. 
This is true even on the F.L.D.A. schemes where the size of holding was 
considered big enough to provide reasonable earnings at a high level of 
employment. Whilst a full utilization of available farm labour can 
perhaps never be achieved the fact that half of this labour is unemployed 
on the schemes should be of serious concern to the Government and the 
planners. The evidence just presented does not support the widely 
accepted belief that through land development schemes rural incomes 
have been raised to reasonable levels and unemployment eliminated,^ 
10.3 RESOURCE PRODUCTIVITIES AND EFFICIENCY OF RESOURCE USE 
In view of what has been discussed, it would appear unlikely 
that labour and land have been used efficiently on the holdings, in 
terms of the relationship between productivites and opportunity costs. 
This question may be explored through a production function study. The 
The F.L.D.A. believes that a 10-acre holding is sufficient to provide 
'full' employment to a settler-family (see Federal Land Development 
Authority, No Need to be Poor: A Policy Statement, Kuala Lumpur, 
1956, p.4; and Annual Report for the Year Ending 30th June, 1959, 
Kuala Lumpur, p.30). As can be inferred from the text, this belief 
is not true. 
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data available from some 180 holdings on schemes in Negeri Sembilan 
enabled such an analysis to be carried out. For most other schemes 
surveyed the yields pertaining to individual holdings were not readily 
available, for data had already been aggregated by the authorities 
concerned. 
The major input factors influencing settlers' income were 
aggregated under the traditional three-fold classification of land, 
labour and capital, after scrutinizing the zero-order correlation 
coefficients pertaining to output, land, labour input on tapping and 
collection, labour input on maintenance, variable cash expenditures and 
fixed cash expenditures (Table GlO.4). These showed that, for the three 
types of scheme taken together, the correlation between income and land 
{ P = 0,692), tapping labour (/^ = 0,457), variable costs ( = 0.428) 
and fixed costs = 0,528) was significant at the 0,1 percent level. 
The correlation between income and maintenance labour (/O = 0.148) was, 
however, not significant; this was also true within the State and 
Fringe schemes. On F.L.D.A. schemes the correlation between income and 
tapping labour { P = 0,140) was also not significant. In View of this 
it was considered best to aggregate the tapping and maintenance labour. 
The variable and fixed costs were also combined because they were highly 
correlated ( = 0.876 for F.L.D.A. schemes, 0.685 for State schemes, 
P = 0.762 for Fringe schemes, and/^ = 0.753 for the three types of scheme 
as a whole).^ The aggregation results in a slightly better correlation 
between incomes and the aggregated labour inputs and aggregated expendi-
tures, the latter being hereafter referred to as 'capital' (compare 
Tables GlO.5 and GlO.4). 
Heady and Dillon suggest that, as a general guide, a correlation coeffi-
cient of 0.8 and above may be taken to indicate the presence of multi-
collinearity (see E.G. Heady and J.L.Dillon, Agricultural Production 
Functions, Iowa State University Press, 1961, pp.134-136). 
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The variables taken were: (a) output, which is the total 
annual income per holding received from sales of rubber during 1968/ 
1969; (b) land, which refers to the total tapped acreage under rubber; 
(c) labour, which is the total eight hour mandays per year on tapping 
and collection and maintenance; (d) capital, which refers to the 
aggregated sum of variable and fixed cash expenditure on tapping and 
collection equipment, processing equipment, materials, fertilizers, 
weedicides and the annual depreciation of tools, bicycles and other 
durable items. 
A production function of Cobb-Douglas type has been chosen 
for the analysis because it yields direct estimates of production 
elasticities. It takes the following form 
h 3^ 
Y = aL K C 
where Y is the output and Lj K and C denote the inputs of land, labour 
and capital as defined in this context. The intercept, a, shows the 
output at zero input level, whilst b^, b^ and b^ are the regression 
coefficients which indicate the production elasticities. 
The estimated production elasticities, sample means, average 
value products, marginal value products, opportunity costs of resources, 
marginal returns to opportunity cost ratios and other related statistics 
are summarised in Tables 10.13 and 10.14. The coefficient of multiple 
2 
determination, R , which shows the goodness of fit, is low in all three 
cases, although it is significantly different from zero at a probability 
level of 0.1 percent (Table GlO.6). It explains only 26 to 37 percent 
of the variation in income (Table 10.13). A much better fit was 
obtained by pooling the data from all schemes, as indicated by the 
higher R^ (51 percent). This contributes to improved estimates of the 
production elasticities and other statistics discussed below. 
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TABLE 10.13. PRODUCTION ELASTICITIES AND RELATED STATISTICS AS DERIVED 
FROM THE PRODUCTION FUNCTION STUDY. NEGERI SEMBILAN, 1969 
I t e m 
Type of scheme 
Total 
F L.D.A. State Fringe 
Number of holdings 32 89 59 180 
Value of 'a' log form 2.23 1.84 1.88 1.66 
Production elasticities 
It 
Land 0,24 0,61 0.71 0,83 
Labour 0,15 0,17 0.17 0,20 
Capital 0.29 0.29 0.18 0,25 
Sum. of elasticities 0.68 1.07 1.06 1.28 
0.37 0,30 0.26 0.51 
Standard errors of pro-
duction elasticities 
Land 0.50 0,24 0.28 0.13 
Labour 0.15 0.10 0.09 0.07 
Capital 0,08 0.08 0.08 0.04 
't' value and level 
of significance 
Land 0, .48 NS 2.55 " 2.51^^ 6.69""" 
Labour 1 .00 NS 1.65+ 1.80+ 2.71"" 
Capital 3 ,78 3.68""" 2.36" 5.53""" 
All not significantly different from unity, 
NS denotes not significantly different from zero, 
+ denotes significantly different from zero at a probability level 
^ of 10 percent, 
denotes significantly different from zero at a probability level 
of five percent, 
denotes significantly different from zero at a probability level 
of or^ s percent. 
denotes significantly different from zero at a probability level 
of 0.1 percent. 
The production elasticities of resource inputs are indicated 
directly by the regression coefficients of the Cobb-Douglas model. 
For each resource, the magnitude of its elasticity denotes the expected 
increase or decrease in income if the use of this resource is increased 
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TABLE 10.14. SAMPLE MEANS, AVERAGE VALUE PRODUCTS, MARGINAL VALUE 
PRODUCTS, OPPORTUNITY COSTS OF RESOURCES AND MARGINAL 
RETURN TO OPPORTUNITY COST RATIOS AS DERIVED FROM THE 
PRODUCTION FUNCTION STUDY. NEGERI SEMBILAN, 1969 
Type of scheme 
Total 
F.L.D.A. State Fringe 
Sample means: 
Output ($ per year) 2529.41 1973.77 1094.15 1700.00 
Land (acres) 7 .06 6.18 3.95 5.47 
Labour (mandays per year) 317.90 323.40 184.70 268.30 
Capital ($ per year) 116.20 78.84 64.74 79.20 
Average value products: 
Land ($ per acre) 358.27 319.38 277.00 310.79 
Labour ($ per manday) 7.96 6.10 5.92 6.34 
Capital ($ per $) 21.77 25.04 16.90 21.46 
Marginal value products: 
Land ($ per acre) 85.92 194.17 197.52 259.45 
Labour ($ per manday) 1.18 1.01 1.03 1.24 
Capital ($ per $) 6.27 7.35 3.11 5.39 
Opportunity costs: 
Land ($ per acre) 143.31 127.75 110.80 124.32 
Labour ($ per manday) 3.50 3.50 3.50 3.50 
Capital ($ per $) 1.00 1.00 1.00 1.00 
Marginal return to oppor-
tunity cost ratios:^ 
Land 0.60NS 1.52NS 1.78NS 2.09^'"" 
Labour 0.34+ 0.29"'- 0.29"" 0.35'"'"" 
Capital 6.27"" 7.35"^' 3.11NS 5 39'""" " 
Estimated at the geometric mean input levels, 
NS denotes the difference between the marginal value product and oppor-
tunity cost is not significant. 
+ denotes the difference between the marginal value product and oppor-
tunity cost is significant at a probability level of 10 percent. 
* denotes the difference between the marginal value product and oppor-
tunity cost is significant at a probability level of five percent, 
denotes the difference between the marginal value product and oppor-
tunity cost is significant at a probability level of one percent. 
*-*denotes the difference between the marginal value product and oppor-
tunity cost is significant at a probability level of 0.1 percent. 
The 't' values for the above are given in Table GlO.7. 
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or decreased by one percent, other input levels being held constant. 
The estimates in Table 10.13 indicate that, except on the F.L.D.A. 
schemes, land is by far the most influential input on income. The 
'total' production elasticities in respect of State and Fringe holdings 
are significant at the five percent probability level. Although 
capital Tlays a relatively minor role, its production elasticities are 
significant at the 0.1 percent level in respect of F.L.D.A. and State 
holdings, and at the five percent level in the case of Fringe holdings. 
Labour plays a smallest and statistically insignificant role (P ^  10). 
When scheme holdings in the three different types of development are 
taken as a class, the production elasticities of land and capital are 
significant at the 0.1 percent level, and of labour at the one percent 
level. 
The sum of production elasticities is just above one in res-
pect of production functions derived for State and Fringe holdings. 
On the assumption that no relevant input factors have been excluded in 
g 
the analysis, this would denote a constant return to scale. In view 
2 
of the relatively low R , reliable conclusions cannot be drawn from 
the results and the issue is not explored further. 
The production function studies exhibit some marked differences 
in the elasticity coefficients of land, those pertaining to State and 
Fringe holdings being two to three times that estimated for F.L.D.A. 
holdings. These differences in resource elasticity are reflected in 
the respective marginal value products, which are computed by multiplying 
the elasticities of the inputs by their respective average products 
The lack of economies in the production of rubber has been observed in 
a financial analysis of costs, incomes and profits on both small-
holdings and estates in West Malaysia (see C. Barlow and Chan Chee-
Kheong, 'Towards an Optimum Size of Rubber Holding', The Journal of  
Rubber Research Institute of Malaya, Vol.21, Part 1, 1968, pp.613-653) 
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(Table 10.14). The marginal value products which indicate the 
expected increase in income as a result of using an additional unit 
of land while the levels of other inputs remain constant, work out at 
$197.5, $194.2 and $85.9 per acre per year on Fringe, State and F.L.D.A. 
schemes respectively. This tends to confirm the common experience 
that operators with small lots of land strive harder to maximise their 
income through more intensive exploitation of the trees. However, the 
average products on F.L.D.A. holdings are still higher than those 
achieved on the State and Fringe holdings. 
In order to assess the efficiency of resource use, the oppor-
tunity costs and marginal product to opportunity cost ratios have also 
been estimated (Table 10.14). The opportunity cost is the return that 
would accrue to an input had it not been utilized on the settlers' 
holdings. The average going wage rate of hired labour prevailing over 
the survey period is assumed here as the opportunity cost of labour; it 
is approximately $3.5 per manday. The implied assumption is that the 
additional labour is purchased from outside the family, or the use of 
extra family labour would lead to a loss of earnings elsewhere of $3.5 
per manday. The opportunity cost of land is assumed at 40 percent of 
the average value product, it being the return from the holding to the 
owner if he does not operate himself but contracts out to a hired tapper 
on a crop sharing basis. The proportion is based on the arrangement 
that the owner gets half the amount of latex, which is about 80 percent 
of total crop, and the balance, together with the scrap, goes to the 
tapper. The figure represents the cost of using the land, rather than 
b b b 
Given Y = aL K C , the marginal value products of L, K and C are 
defined as ^ , g and ^ which are equivalent to b^.^, b^.f and 
b respectively. In every instance, values of Y, L, K and C 
are held at the geometric mean level. 
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the value of Land per se.^^ In respect of capital service the oppor-
tunity cost of a dollar employed is taken as one dollar, the interest 
charge being considered unnecessary detail in this study. 
Inspection of Table 10.14 shows that there appears to be a 
severe lack of 'equilibrium' in resource use, as indicated by differences 
in the ratios of marginal returns to opportunity costs. Thus both land 
and capital have ratios greater than unity, whilst the marginal return to 
opportunity cost ratio pertaining to labour is substantially less than 
one. A 't' test (Table GlO.7) reveals that, for all the schemes together, 
the differences between the marginal products and the opportunity costs 
are significant at 0.1 percent level. These should denote that it would 
be beneficial to use more land (particularly in respect of smaller units 
on Fringe schemes) and capital. The extremely low ratio of marginal 
productivity of labour to its opportunity cost, estimated at 0.29 to 
0.34, is of special interest. This tends to confirm the earlier finding 
that too much labour is used on the holdings. 
Policy implications. Since the fitted functions are not very 
2 
satisfactory in terms of R , no definite conclusion should be drawn from 
the statistics presented in Table 10.14. Barring this limitation the 
figures tend to support earlier observations regarding the land develop-
ment schemes: there is generally too little land and excessive labour 
use on the holdings, implying that some amount of 'employed' labour can 
be withdrawn without affecting the productivity. The disequilibrium in 
labour use is very much more severe if the existence of unemployed family 
mem.bers is taken into consideration. The policy implications that may 
be drawn are these: (a) the holding area should be increased if the 
^'^The annual rental is commonly taken as the opportunity cost of land 
resource (see E.G. Heady and J.L. Dillon, op.cit., p.591). 
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existing Labour input is to remain fixed; (b) the surfeit of farm 
labour should be diverted to non-farm employment or alternative farming 
opportunities elsewhere; and (c) the size of farm business should be 
increased by increasing the use of certain inputs and by introducing 
enterprises which involve little use of land. 
10.4 POSSIBILITIES OF IMPROVING THE SETTLERS' INCOMES 
AT HIGH LEVEL OF EMPLOYMENT 
In this section some possibilities of raising settlers' incomes 
and of providing employment on existing schemes are explored in relation 
to the policy implications just detailed. The prospects for settlers 
in new schemes are considered in the concluding chapter. 
10.4.1. Bigger Size of Holding 
Increasing the size of holdings is undoubtedly the most effec-
tive means of improving the settlers' income, as well as achieving a 
higher level of family labour utilization. If the target income for a 
settler-family is set at $250 per month, minimum sizes of holdings, under 
the conditions assumed to be prevalent in different types of schemes, can 
be derived on the basis of family labour incomes estimated in Chapter 9. 
These are presented in Table 10.15 for the 'mean', 'best' and 'worst' 
conditions specified before. 
The minimum size ranges from 7.4 acres under the best condition 
on F.L.D.A. schemes to 17.8 acres under the worst condition on Fringe 
developments. Under the expected mean conditions, extra areas of 2.0, 
3.7 and 8.1 acres per holding are needed on F.L.D.A., State and Fringe 
schemes respectively (Table 10.15). Undoubtedly there is sufficient 
labour within a settler-family to cope with these extra acreages. As 
far as the existing schemes are concerned, the most serious constraint 
is the availability of suitable unused land for the expansion described. 
TABLE 10.15. 
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MINIMUM SIZES OF HOLDINGS FOR A TARGETTED MONTHLY INCOME 
OF $250 PER FAMILY UNDER CONDITIONS OF EXPECTED VARIATION 
IN PRICE AND YIELD AND ADDITIONAL ACREAGE NEEDED 
Type of 
scheme^ 
Minimum area 
(acres/holding) 
Additional area needed^ 
(acres/holding) 
Best Mean Worst Best Mean Worst 
F.L.D, . (7.8) 
State (6.3) 
Fringe (4.0) 
7.4 
7.8 
9.2 
9.8 
10.0 
12.1 
13.9 
13.4 
17.8 
-0.4 
1.5 
5.2 
2.0 
3„7 
8.1 
6.1 
7.1 
13.8 
^Figures in brackets denote existing size of holding. 
Excess of minimum area over existing planted acreage 
All FcL.D.A. schemes and some State schemes have reserved land 
earmarked primarily for dusun (fruit trees)= Originally settlers on 
such schemes were supposed to be given two acres each for this purpose. 
Table 10.16 shows that the estimated reserved areas per settler-family 
in Serampang, L.B.J, and Awah are big, averaging 4 6, 3-9 and 3.5 acres 
respectively. But it is unlikely that the settlers on these schemes 
will be given more than two acres each; presumably new settlers will 
be recruited to cultivate the surplus land. Most reserved areas have 
not yet been fully utilized or cleared for agricultural purposes, partly 
because of the difficulty of finding suitable fruit trees. In view of 
the latter, F.L.D.A. has recently decided to open this land for the 
planting of either rubber or oil palm. 
When these areas are fully established the settlers on 
F.L.D.A. schemes can expect to earn an extra income from the additional 
two acres of rubber or oil palm. The settlers on the existing rubber 
schemes will thus attain the minimum holding size of about 10 acres 
apiece required under the mean condition in Table 10.15. The growing 
of oil palm on rubber schemes will also result in a diversification 
of the risks arising from fluctuations in the price of rubber. 
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TABLE 10.16. ACREAGES OF RESERVED LAND AND THEIR CONDITION ON INDI-
VIDUAL F.L.D.A. AND STATE SCHEMES AS AT DECEMBER 1971. 
Scheme Condition at the end of 1971 
Total 
area® 
(acres) 
Area per 
settler 
(acres) 
F.L.D.A. 
Serampang No definite plan yet. 534 4.6 
Tena. g To develop for rubber in 1972. 269 2.3 
Percha No definite plan yet. 198 2.0 
L.B.J. Being cleared for rubber in 1972, 452 3.9 
Awah Being cleared for oil palm in 
1972. 434 3.5 
Gedangsa Planted with oil palm in 1970. 181 1.6 
State 
Labu Some fruit trees planted 
gularly. 
irre-
296 2.0 
Gerbang Some fruit trees planted 
gularly. 
irre-
168 1.8 
Menderang Some fruit trees planted 
gularly. 
irre-
121 1.4 
Pepuyu Some fruit trees planted 
gularly. 
irre-
146 2.1 
Total areas for F.L.D.A. schemes refer to phase one only, these being 
estimated on the basis of numbers of settler-families reported. 
As regards State schemes the available dusun area has not yet 
been cleared for planting, or fully exploited, although enterprising 
individuals have been reported as earning substantial sums through the 
cultivation of fruit trees. The best course of action here too would 
be to open the dusun area for rubber cultivation. This area, which 
averages 1.4-2.1 acres per settler-family, should contribute substan-
tially to achieving the mean minimum size of holdings. The State 
governments are now pre-occupied with other projects but it is consi-
dered that they should encourage the settlers to open land themselves 
on established schemes which still have reserved land available. A 
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small subsidy and limited technical assistance may provide sufficient 
encouragement for enterprising settlers. 
On Fringe schemes, however, there is no reserved land for 
further expansion. The only way of increasing holding size is through 
land consolidation, whereby the blocks of two or more settlers are 
combined to form a single production unit under one ownership. Dis-
placed settlers could be channelled, with appropriate compensation, 
to newly-opened schemes consisting of bigger separately-owned units. 
As a supplementary effort, those settlers owning uneconomic units 
outside the scheme may be encouraged to swap their land, so that two 
or more smaller units are put under the control of one producer through 
mutual arrangement. Consolidation could also be effected on State 
schemes where there is insufficient reserved land for blocks to be 
adjusted upwards to the desired acreage. This issue will be discussed 
in greater detail in the concluding chapter, 
10.4.2. Channelling Surplus Labour to Off-Farm Employment 
Although some members of the settler-families were employed 
off-farm (Table 10.7, p.325), employment opportunities outside the 
holdings are certainly small, due to the absence of rural industries 
and limited possibilities of estate employment. Surplus labour is 
also widespread in all parts of the country, as mentioned earlier. A 
significant increase in the diversion of surplus labour would therefore 
seem unlikely in the near future. The long-term prospect may improve 
as a result of the Government's accelerated efforts to encourage agro-
based industries in the rural areas. 
10.4.3. Increasing the Size of Farm Business 
While the area of the settlers' holdings can only be increased 
with difficulty, changes in size of business can also be attained to a 
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certain extent through increases in the use of other resources. In 
respect of rubber production higher productivity in the short-run, and 
hence earnings, can be achieved through better management and improved 
agricultural practices (e.g. regular manuring, use of yield stimulants, 
etc.). These means of increasing the size of the business have already 
been partly allowed for in the original estimates of yields and returns. 
Further improvement in this direction can be achieved through three 
other possible avenues, however: (a) a higher planting density, (b) a 
more intensive tapping system and (c) a discriminatory manuring pro-
gramme. The first of course is only relevant to new schemes, and will 
be discussed in the concluding chapter. The second and the third are 
now examined within the current pattern of resource distribution. 
Exploiting trees more intensively. The ideal tapping system 
is one which gives the highest returns after allowing for tapping cost. 
Within limits, yields tend to increase with the intensity of tapping. 
But increased yields from overtapping are usually secured at the expense 
of growth (especially of young trees) and of food reserves (the shortage 
of which in latex results in dry tapping panels); undertapping, on the 
other hand, results in unnecessary loss of crop, since latex is largely 
manufactured in response to tapping. 
As mentioned before, the half circumference alternative daily 
(S/2.d/2) system is the most commonly used on estates, and is generally 
adopted by the settlers on the schemes studied. This system is given 
a tapping intensity of 100 percent^^ and is taken as a standard yardstick 
^^Calculated by multiplying the product of the fractions of S/2.d/2 (each 
alphabetical symbol is given a value of one) by 400 i.e. ^ x ^ x 400 
= 1007„. The relative intensities of other tapping systems can also 
be calculated in the same way. For example, the half circumference 
third daily (S/2.d/3) system has an intensity of 67% (which is less 
intensive than the standard intensity), and the half circumference 
daily (S/2 d/l) system has a higher intensity (compared to the standard 
intensity) of 200%. The intensity of tapping can be varied according 
to the type of cut (denoted by the first fraction) or the frequency of 
tapping (denoted by the second fraction). For further details of 
tapping systems and related issues, see A.T. Edgar, Manual of Rubber  
P l a n t i L (Malaya), (Kuala Lumpur: The Incorporated Society of Planters, 
1958), pp.317-355. 
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in. comparing relative intensities. On estates tapping is the most 
important item of production cost, of which it constitutes about half. 
Thus with the declining prices of rubber and rising wages, estates have 
been prompted to employ less labour-intensive tapping systems (compared 
to S/2.d/2 1007o) in circumstances where the extra savings in housing and 
labour are greater than the loss in yield. 
OXL smallholdings, however, family labour is unpaid; the tapping 
system which gives the highest yields from the trees with the minim.um 
retardation and the lowest incidence of dryness is therefore the most 
appropriate. This probably explains the fact that many smallholders 
(particularly those owning small lots) resort to more intensive systems. 
'Daily tapping' may be followed, but because of rain interference, holi-
days and illnesses the actual number of tapping days is usually about 
20-25 days in a month. Another common system is the 'tap two days, rest 
one day' approach mentioned earlier, which gives a total of about 20 
tapping days per month. In contrast the S/2.d/2 100% allows only 12-15 
tapping days per month. 
No studies have yet been made of the yields and conditions of 
the trees on smallholdings using different tapping systems. The only 
piece of relevant information was that secured in the R.R.I.M. 1963/1964 
survey of high-yielding smallholdings. The numbers of these small-
holders and their quantities of latex (information on scrap was not 
available), segregated by tapping intensity, are shown in Table 10.17. 
It is surprising to note that the differences in yield among the '100 
percent', '133 percent' and '150 percent plus' intensity classes were 
small. The average yield in the '150 percent' class is highest, but 
this refers to only 4 holdings. About four-fifths of the holdings are 
in the '100 percent' intensity class. The holdings surveyed were 'above 
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average' and their operators generally more inclined to adopt offi-
cially recommended practices, including the S/2.d/2 100% tapping 
system. 
TABLE 10.17. NUMBER OF SMALLHOLDINGS AND AVERAGE MONTHLY QUANTITIES 
OF LATEX PRODUCED ON HIGH-YIELDING SMALLHOLDINGS: BY 
TAPPING INTENSITY. 1962/1963 
Tapping intensity 
Smallholder 
Latex 
(Ib/acre/month) No. 7c total 
67 percent 11 2.0 61.4 
100 percent 400 80.8 77.7 
133 percent 25 5.1 75.2 
150 percent 4 0,8 90.8 
Over 150 percent 55 11.1 76.1 
Total 495 100 76.9 
Field experience, however, indicates that, within limits, 
smallholders can secure higher monthly yield per acre as tapping inten-
sity is increased. This is reinforced by the observations from the 
recent R.R.I.M. ethrel stimulation project involving about 3,000 small-
holdings in various parts of the country. In this project the 
operators of selected holdings were required to abandon their previous 
tapping systems (which are presumably intensive) and use the S/2.d/2 
12 
100% system instead. It was reported that while the responses to 
ethrel stimulation were substantial in terms of yield per tapping, the 
additional increases in monthly yields on many holdings were not so 
great. This was largely due to the fact that a greater part of the 
extra yields accrued to ethrel stimulation were offset by losses 
arising from the reduction in tapping intensity. This problem is 
^^In several meetings of the Smallholdings Project Committee of the 
Rubber Research Institute of Malaya, Kuala Lumpur, 1971. 
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currently being investigated, but there is little doubt that small-
holders get much more rubber from tapping about 20 days per month, as 
compared to tapping on the strict S/2.d/2 100% system. Field experience 
does not generally denote that trees on smallholdings are excessively 
retarded or more susceptible to dryness because of more intensive 
tapping. 
In view of what has been said it is suggested that settlers, 
particularly those on Fringe schemes, should be allowed to exploit their 
trees more intensively as a means of raising their incomes. Caution 
must of course be exercised to avoid overtapping at the expense of the 
long-term yield capacity of the trees. 
Regular use of fertilisers. One other important means of 
improving yields is through the regular use of fertilisers. Increased 
dosages are anyhow required if the settlers resort to more intensive 
exploitation of the trees; the additional loss of food reserves in the 
trees must be replenished to avoid the dryness of tapping panels. The 
beneficial effect of employing more capital in general is also denoted 
by the production function study detailed earlier. 
Other enterprises. Reference has already been made to the 
fact that enterprises producing fruits, vegetables and livestock play 
a very small role in supplementing settlers' income (Table 9.6, p.294). 
It is felt that immense potentials exist, particularly in poultry pro-
duction, for the surplus labour to be employed gainfully in production 
both for the market and for home consumption. These are now examined 
in greater detail. 
(a) Fruits and vegetables. Opinions have been expressed 
about the possible over-supply if systematic large-scale production is 
adopted on the dusun areas. While such problems may be real - a matter 
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which justifies serious consideration on a national basis^^ - some 
increase in production will certainly benefit the settlers. This is 
particularly true of durian, rambutan and mangosteen which usually have 
good local market. 
It was noted that very few vegetables were grown by the 
settlers. Although no information on the consumption of green vegetables 
was obtained during the survey, field experience indicates that the 
settlers must have spent some cash on these. It should not be too 
difficult for the settlers to aim at self-sufficiency in the supply 
of vegetables, thus releasing extra cash for other purchases. 
(b) Livestock. Although livestock rearing, particularly 
poultry, forms an integral part of most settlers' farm business, the 
production is small. This can be expected so far as cattle are con-
cerned, because of settlers' lack of capital and certain other major 
constraints. Amongst the latter the most important is the absence of 
natural grasslands for cattle on the schemes. It has been found that 
one acre of land can only sustain one cow or buffalo; where fodder is 
14 
cultivated, however, two to three head of cattle could be maintained. 
At present buffaloes and goats are reared in small numbers as a form 
of savings by certain settlers. 
Cattle rearing is not complementary with rubber trees although 
the latter are planted quite far apart, usually 30 or 20 feet between 
13 
The 'Eat More Local Fruits' campaign by the Federal Agricultural 
Marketing Authority (F.A.M.A.) is an organised effort aimed at 
increasing the local market for local fruits as opposed to imported 
fruits. See F.A.M.A. Towards Better Nutrition with (Local Fruits), 
(parentheses are writer's) Kuala Lumpur. 
^^alaysia, 'Role of the Livestock Industry in Supplementing the Income 
of the Small Farmers'. Paper presented at the Seminar on Agricul-
ture Sector Development, Ministry of Agriculture and Lands, Kuala 
Lumpur, 7th - 11th December 1971. 
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rows and 10 or 20 feet within a row. This is because cows and 
buffaloes like to rub the trees, which are thereby damaged. On oil 
palm schemes, however, cattle rearing may be quite feasible. Pig 
rearing can be profitable and is possible with rubber; indeed this 
enterprise is widely adopted on a free range basis by Chinese small-
holders in the Sitiawan areas in Perak. But pigs are not acceptable 
to the Malays as they are regarded as anathemas. 
It is suggested that the settlers might be encouraged to keep 
a few goats on a free range basis. The enterprise involves relatively 
less capital and little housing space. Moreover, there is a very fa-
vourable market potential for mutton, which is the highest priced meat 
in the market. Goat keeping on a large-scale is not feasible on the 
schemes because of the shortage of land and capital, and the high stan-
dard of management involved. Thus the keeping of 20 female goats 
and one male goat for breeding - the minimum number of an economically 
viable project on a commercial basis - can yield a profit of $50 a month, 
but the enterprise needs an initial capital of about $2,000, including 
the development of two acres of fodder grass,^^ 
Exciting prospects exist, however, for increasing poultry 
production; this is probably the most economically attractive means 
of enlarging the size of settlers' farm businesses. The increased 
production, either in the form of meat or eggs, can be sold to provide 
a steady monthly income or consumed in the households as an important 
source of protein. Table 10,18 reveals that the per capita consumption 
of poultry products (both meat and eggs) on the schemes is substantially 
lower than the national averages estimated for 1970, Although the per 
^^bid. 
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capita figures for the settlers do not include purchases from the 
market, the latter are felt to be m i n o r . 
TABLE 10.18. PER CAPITA CONSUMPTION OF POULTRY PRODUCTS IN WEST 
MALAYSIA (1970) AND ON SCHEMES (1969/70) 
I t e m 
Per capita consumpt ion 
Poultry meat 
(lb/person) 
Poultry eggs 
(no./person) 
West Malaysia 9.8 120 
c u b Schemes: 
F.L.D.A. 1.6 29 
State 3.2 49 
Fringe 2.2 32 
Extracted from Ministry of Agriculture and Lands, 'Role of the 
Livestock Industry in Supplementing the Income of the Small 
Farmers'. Paper presented at the Seminar on Agriculture Sector 
, Development, Kuala Lumpur, 7th ~ 11th December 1971. 
Excluding consumption of eggs and poultry meat purchased, if any, 
from the m a r k e t . 
The current practice is to keep a small number of chickens 
for eggs rather than for m e a t . It is felt that poultry rearing should 
aim at broiler production on a commercial basis, which is an attractive 
livestock enterprise occupying a small space, and can bring in substan-
tial income to the settlers. It has been estimated that if a rural 
family can successfully rear 80 birds, an income of about $57 a month 
can be obtained at a price of $1.05 a pound ($1.40 a kati).^^ The scheme 
would involve an initial capital of few hundred dollars. Egg production 
is already very competitive from large commercially orientated producers 
and is unlikely to be profitable for the labour and capital involved. 
16 
Ibid. 
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Moreover, layers for egg production have to be maintained for much 
longer periods posing both disease and management problems. 
The success of a broiler project depends, apart from capital, 
largely on sound management, technical know-how in broiler production 
under the confinement system, availability of quality day old birds and 
marketinq; of the finished product. To overcome these, some sort of 
organised training is essential. As a start, it is suggested that 
enterprising youths may be hand-picked to be trained to carry out the 
poultry farming on a limited scale with financial assistance from the 
government. This effort also would help in encouraging the setting 
up of small businesses by youths in the rural sector. 
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CHAPTER 11 
RELATIONSHIPS BETWEEN INVESTMENT CRITERIA 
In the profitability analyses from the comraercial and social 
viewpoints, estimates of the IRR, B/C ratio and NPV have been computed 
for each of the 20 land development schemes. The relationships between 
these throe investment criteria with regard to 'accept-reject' decisions 
and relative rankings are now examined; a project is accepted (rejected) 
if its IRR is greater than (less than) the interest rate compared, or if 
its B/C ratio is greater than (less than) unity, or if its NPV is posi-
tive (negative). While relative ranking has not much practical signi-
ficance in the present context, in that the schemes are not mutually 
exclusive, it is nevertheless interesting to find out the extent of 
conflict between investment criteria. The exercise may provide a useful 
guide to future evaluation in rural development in general, and in the 
development of new schemes in particular. 
As well, although much has been said about the inconsistency 
in ranking of a given set of investments, there is little empirical 
evidence to indicate the seriousness of this in project evaluation. It 
is hoped this chapter will throw some light on this matter. 
11.1 A FORMAL EXPOSITION 
It is common knowledge that when the profitability of a single 
project is considered, involving the 'accept-reject' decision, all three 
criteria invariably lead to the same conclusion. This is true in 
'simple' investment in land development for rubber growing which involves 
a stream of initial net cash outflows (during the first seven years or so) 
followed by net cash inflows (from the commencement of tapping); this 
may not be so in the case of 'non-simple' net cash flows in which net 
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cash outflows are interspersed with net cash inflows.^ The non-simple 
investment, which will be referred to again later on, may yield multiple 
IRRs, thus giving rise to difficulties in ranking. 
In ord er to demonstrate the equivalence, or non-equivale'^ce 
between IRR, B/C and NPV, it is necessary to recapitulate the formal 
definitions of the criteria given in Chapter 2. Consider a land develop-
ment project that generates a series of revenues R_, R^, R„, R at 
0 1 2 n 
the end of years Oj 1, 2, .... n. If the rate of interest chosen to 
discount the cash inflows is i, the present value of revenue, R, is 
given by 
n R 
R = y H r (11.1) 
t=o 
Assume that total development costs and production expenditures asso-
ciated with this project are E^, E^, E^, .... E^ the end of years 
0, 1, 2, .... n. The present value of total expenditures, E, discounted 
at the same interest rate, i, is 
n E, 
E = V ^ (11-2) 
As already explained in Chapter 2, the NPV of this project is 
the difference between R and E, which is commonly referred to as the 
project's present worth. The B/C criterion is the ratio of R to E. 
The IRR is defined as the unknown rate of discount, r (instead of i 
which is pre-determined), which equates the present value of cash inflows 
(R) to the present value of cash outflows (E); a position in which the 
B/C ratio is equal to one and NPV is zero, A project is considered 
^ o r more detailed distinction between simple and non-simple investments, 
see J.C.T. Mao, Quantitative Analysis of Financial Decisions.. (London; 
Collier-Macmillan Ltd., 1969), pp.196-198. 
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profitable if its NPV is positive, or its B/C is greater than unity or 
its IRR, r, exceeds the cost of capital, i. The equivalence or 
correspondence between these methods of analyzing a single project 
may be shown algebraically below. 
Equivalence of B/C and NPV criteria. That these two criteria 
lead to the same decision regarding acceptance and rejection of a 
project is obvious from the formal definitions given above: the B/C is 
greater than, equal to, or less than one, and the NPV is positive, zero 
or negative, according to whether R in expression (11.1) is greater than 
equal to, or less than E in expression (11.2), 
Equivalence of IRR and NPV criteria. The value of IRR, r, is 
obtained by solving 
n 
I 
(R - E)j_ 
- = 0 (11.3) 
t=0 (1 + r) 
The magnitude of NPV is unaffected if (11.3) is subtracted from the 
formula for solving NPV: 
•(R - E)^ (R - E)^ n 
NPV = 
^ I 
t=0 
(1 + i)^ (1 + r)^ 
(11.4) 
where R^, E^, i and r are positive values. Now, it can be inferred 
from equation (11.4) that NPV is positive if r is greater than i, zero 
if r is equal to i, and negative if r is less than i. This proves that 
NPV and IRR are equivalent with regard to the profitability of a project. 
Equivalence of B/C and IRR criteria. From the above discussion 
it is clear that the B/C ratio is greater, equal to, or less than one 
depending on whether the value of (11.5) is positive, zero or negative: 
r (R - E) 
I ^ > 0 (11-5) 
t=0 (1 + i) ^ 
ows 
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Comparing (11.3) and (11.5), the inequality can be re-written as foil 
/ r < 2. ^ < 0 (11.6) 
t=0 (1 + i) t=0 (1 + r) 
from which it can be seen that r is greater than i if the first term is 
greater than zero, and hence B/C is greater than one. If the first term 
is negative, and hence B/C is less than one, r is smaller than i. 
Finally, if the first term is zero, and hence B/C is exactly one, r is 
equal to i. 
The correspondence between the IRR, B/C and NPV methods of 
analyzing a project in respect of its acceptance or rejection can be 
illustrated diagramatically. As an example, the present values of 
commercial mean revenue stream, commercial mean expenditure stream and 
revenue-less-expenditure stream of Serampang (the F.L.D.A. scheme) have 
been computed at varying rates of discount. These commercial present 
values, R, E, and NPV expressed as a function of i, are graphed in 
Figure 11.1. 
The present value of cash inflows, R, associated with Serampang 
intersects with the present value of its cash outflows, E, at the equili-
brium point, X. The shaded area between the R and E curves represents 
the NPV, which is also exhibited by the NPV curve. The NPV is positive 
on the left hand side of X and negative on the right. At the equilibrium 
point, X, the NPV is zero, as indicated by the point Y at which the NPV 
curve cuts the horizontal axis at Y. At this point,the rate of discount, 
i, is 10.7 percent which is the IRR, r, and the B/C ratio is exactly one 
(since the ratio XY/XY is one). Clearly, at a rate of discount lower 
than 10.7 percent, say 8 percent, the NPV is MN or, specifically, 
$451,960, while the B/C ratio is exhibited by OM/ON which works out at 
1.114. At a rate of discount higher than 10.7 percent, say 12 percent, 
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the NPV is -$138,890 (indicated by PQ) and the B/C ratio (OQ/OP) is 
0.943. This particular case proves the equivalence between the IRR, 
B/C and NPV methods of assessing a project. 
Chan.g;e in ranking. Controversy, however, arises as to which 
criterion is most appropriate in appraising two or more mutually exclu-
sive proiects. This is because the IRR, B/C and NPV methods sometimes 
produce different rankings of a given set of projects, due to differences 
in sizes ar.d/or cash flow patterns of the projects being assessed and 
the different nature of criteria used. A set of projects ordered 
according to the m.agnitude of B/C or NPV may also be re-shuffled by the 
rate of interest used for discounting cash flows. 
To illustrate the effect of size on ranking, take a greatly 
simplified example: an investment of $K now in a small project A is 
worth an amount of $K(1 -i- r) in one year's time and another investment 
$aK (where a is greater than one) now in a larger project B is equal to 
an amount of $aK(l + r") at the end of the same one year period. 
Clearly, the IRRs of these projects are r and r" respectively. Tne NPV 
of project A at a discount rate, i, is K(1 + r)/(l + i) - K = K(r - i)/ 
(1 i- i); similarly, the NPV of project B is given by aK(r" - i)/(l + i) • 
On the basis of NPV project B is better than project A if its NPV is 
greater i.e. if 
- i) V . (11.7) 
(r - i) ^ • ' 
The problem obviously does not arise if r" is greater than r. But as 
may be deduced from (11.7), r can be greater than r'^  if a is sufficiently 
large.^ 
2 
^Formally, if a > 1 + 
358 
One underlying assumption of the IRR criterion is that cash 
flows of a project are re-invested at a rate 'internal' to the project, 
i.e., r. The NPV method, on the other hand, implies that funds are re-
invested at a rate equivalent to the discount rate, i. Because of this 
the conflict just explained may even arise in ranking projects of similar 
size; the NPV of two equal-sized projects with the same IRR naturally 
O 
differs it one has a 're-investment' rate lower than its IRR, Baldwin 
attempted to offer a solution to this problem by assuming that the net 
positive cash flows are re-invested at an 'average' rate of interest 
earned by the project being assessed. This is not acceptable, however, 
since it involves a prior knowledge of the average rate of return from, 
the investment. 
The B/C ratio may contradict the IRR because of different 
patterns of cash flows. Assuming project A in the simplified example 
cited earlier has an operating cost of $V, which already has been deducted 
to give the net worth of $K(1 + r) in one year's time, then the appro-
priate B/C ratio is given by - 1 
B ^ K(1 + r) + V "" "" 
C (1 + i) K + ^ (1 + i) J 
where (1 + r) and (1 + i) are amounts of one dollar in one year's time at 
an interest rate of r and i respectively. Denoting these amounts by Ar 
and Ai, and solving for Ar, gives 
Ar = Ai(§:) - 1) 
It can be seen from (11.8) that, given r and i, if B/C is 
greater than one, increasing the operating cost, V, will lead to a lower 
B/C ratio: B/C in the first term will have to be lowered to offset an 
increase in magnitude in the second term. The reverse is true if B/C 
^R.H. Baldwin, 'How to Assess Investment Proposals', Harvard Business 
Review. Vol.37, No.3, May-June, 1959, pp.98-104. 
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is less than one. In both cases r is not affected. Generally pro-
jects with a relatively big initial investment, K, and with little or 
no yearly variable expenses, V, are particularly favoured on the B/C 
criterion relative to IRR; they appear in an unfavourable light if 
ranked by the IRR. The correspondence of IRR and B/C can be taken for 
granted only when B/C is one, or when there is no operating cost, since 
the second term in equation (11.8) disappears. 
Recently Mishan introduced a 'normalization procedure' through 
which both the IRR and B/C methods should 'invariably produce the same 
ranking for any given set of investment projects'."^ This, however, was 
later pointed out by Mabro as being not independent of the period of 
analysis.'^ Others like Soper and Karmel have proposed to truncate 
projects at a period which maxim.izes the IRR^^ whereas Arrow and Levhari 
have suggested a truncation period which maximizes the NPV.^ Both these 
proposals, however^ have the unsatisfactory implication that there are no 
benefits and costs after the arbitrarily determined truncation period. 
A survey of literature shows that most economists seem to 
g 
favour the B/C ratio, as opposed to the use of IRR, This is due largely 
'^ E.J. Mishan, 'A Proposed Normalization Procedure for Public Investment 
Criteria', The Economic Journal, Vol.77, No.308, December 1967, pp,777-
796. 
^R. Mabro, 'Normalization Procedure for Public Investment Criteria: A 
Comment', The Economic Journal, Vol. LXXIX, No.315, September 1969, 
pp.669-672. 
^C.S. Soper, 'The Marginal Efficiency of Capital: A Further Note', The 
Economic Journal, Vol. LXIX, No.273, March 1959, pp.174-177; and P.H. 
Karmel, 'The Marginal Efficiency of Capital' (with Appendix by B.C. 
Rennie^^ Economic Record, Vol.XXXV, No.72, December 1959, pp.429-432, 
^K.J. Arrow and D. Levhari, 'Uniqueness of the Internal Rate of Return 
with Variable Life of Investment', The Economic Journal, Vol.LXXIX, 
No.315, September 1969, pp.560-566. 
®See, for exam.ple, J. Lorie and L.J. Savage, 'Three Problems in Rationing 
Capital', Journal of Business, October 1955 and R, Turvey, 'Present 
Value Versus Internal Rate of Return: An Essay in the Theory of the 
Third Best', The Economic Journal, Vol. LXXIII, No.289, March 1963, 
pp.93-98. It should, however, be pointed out that most accountants 
seem to favour the IRR approach. 
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to the mathematical difficulties arising from the calculation of IRR. 
Since the equation for IRR, (11.3) above, is a polynomial function it 
may be satisfied by up to n values, both positive and negative, of 
1/(1 + r), and hence r. In addition the IRR may be non-existent when 
the NPV curve of a project, discounted at varying rates of interest, 
shapes like a U and does not intersect the horizontal axis like the NPV 
curve shown in Figure 11.1. The IRR may also be an infinite value, when 
the NPV curve slopes to the right asymptotically; one obvious example 
is the net cash flows viewed from the settlers' viewpoint where the 
entire series are positive. Most net cash flows, however, can be 
expected to be normal like the NPV curve in Figure 11.1 for which a 
unique IRR exists. 
Examples of ambiguity have been encountered in this study in 
respect of the 'worst' cash flows of certain schemes. These will be 
discussed later. 
The main objection to the B/C ratio is that it is capricious, 
its magnitude being subject to considerable value judgement. This is 
especially so in regard to the choice of discount rate and the treatment 
of certain costs as 'negative benefits'. These aspects, which are not 
issues with the IRR, tend to influence the comparability of projects. 
While the non-uniformity of B/C is one of the reasons for rejecting it, 
its proponents maintain that this is the very strength of the criterion 
10 
on the ground that economists can make a better value judgement. 
The NPV criterion is not commonly used in comparing projects, 
since it has the obvious weakness of favouring large projects over small. 
For an example demonstrating the ambiguity in the internal rate of 
return see Lorie and Savage, Ibid. 
^^Compare, for instance, R.N. McKean, Efficiency in Government Through 
Systems Analysis: With Emphasis on Water Resources Development. 
(New York: John Wiley & Sons, 1958), pp. 108-113, and R. Turvey, op., 
cit. 
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This measure, too, ignores the absolute level of total costs, with the 
result that two projects with equal NPV may appear equally desirable 
even though their costs differ markedly. it is appropriate only in 
ranking projects of similar size and character.^^ Nevertheless, it 
is a useful supplementary measure indicating the absolute economic 
worth expected to be generated by a project. 
There seems to be a general agreement that where investment 
funds are limited, the B/C ratio is the appropriate criterion. On the 
other hand, the NPV would be a better test for an agency that has access 
to an unlimited source of investment funds. As for the IRR, it is 
considered m.ost appropriate in a situation where the aim is to maximize 
the rate of growth. 
11.2 RANKING OF LAND DEVELOPMENT SCHEMES 
11.2,1. Evidence of Inconsistent Ranking 
The following discussions are concerned with the ranking 
obtained with, not the equivalence of, the three investment criteria. 
To this end, the 20 land development schemes are ranked in Table 11,1 
according to the magnitudes of their expected com.mercial and social 
mean IRR, B/C and NPV. The latter two measures are based on a discount 
rate of 8 percent from the commercial viewpoint and 14 percent from the 
social viewpoint. These provide an appropriate starting-point for 
demonstrating the manner in which ranking is altered when the rate of 
discount deviates from the percentages taken. 
Relationships at a given rate of discount. It can be clearly 
seen from Table 11.1 that the ranking of land development schemes 
An example of comparing public investments on NPV basis can be found 
in S.A. Marglin, 'The Social Rate of Discount and the Optimal Rate 
of Investment', Quarterly Journal of Economics, Vol. LXXVII, No,1, 
February 1963, pp.95-111, 
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TABLE 11.1. RELATIVE RANKINGS OF LAND DEVELOPMENT SCHEMES ACCORDING TO 
THEIR COMMERCIAL AND SOCIAL IRRs, B/C RATIOS AND NPVs 
Scheme^ 
Commer cial viewpoint'^ c Social viewpoint 
IRR B/C NPV IRR^ B/C NPV 
Serampang 1 2 1 2 5 1 
Tena"? 1 1 2 1 3 2 
Timbol 3 4 8 2 1 14 
Labu 4 3 3 5 1 3 
Panchang 5 5 6 9 3 7 
Percha 6 6 4 7 8 4 
L.B.J. 7 7 5 12 10 6 
Awah 8 8 7 9 11 5 
Gentam 9 9 9 5 6 19 
Purun 10 10 11 8 8 8 
Beranang 11 10 10 2 7 13 
Gerbang 12 12 15 13 12 11 
Menderang 13 13 17 14 13 10 
Pepuyu 14 14 18 15 15 12 
Dua 15 16 16 18 18 17 
Beting 16 14 12 11 14 16 
Gedangsa 17 19 20 20 20 9 
Rambutan 18 17 19 16 16 15 
Sahom 19 18 14 17 17 18 
Halt 20 20 13 18 19 20 
^Ranked according to their commercial mean IRRs (see Table 7,1, p.218) 
Based on B/C ratios and NPVs discounted at 8 percent (see Table 7.10, 
p.245). 
'^Based on the B/C ratios and NPVs discounted at 14 percent (see Table 
d Gil.2). 
Based on mean estimates in Table 8.1. 
according to one criterion is re-shuffled when another criterion is 
used. Thus, from the commercial viewpoint, Timbol is the third best 
on the basis of IRR, but ranks fourth according to its B/C ratio and 
eighth according to its NPV; its relative positions from the social 
viewpoint are, respectively, second, first and fourteenth. As might be 
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expected, there is a closer correspondence in rankings by IRR and B/C, 
as opposed to rankings by either IRR and NPV or B/C and NPV. This is 
largely because the NPV of a project is directly influenced by its size, 
whereas its IRR and B/C are more independent of the size of investment, 
Also both the IRR and B/C measure the returns per dollar of investment. 
Comparing rankings by the commercial mean IRR and B/C ratio, 
nine schemes have their relative positions reversed, and of these, six 
are affected upwards or downwards by one position only. On the other 
hand, the change is more serious in respect of rankings by IRR and NPV, 
both in terms of the number of schemes involved (18) and the degree of 
shift in relative positions; the same applies to rankings by B/C and 
NPV. Another point is that, in all cases, rankings from the social 
viewpoint are altered to a much greater extent. Thus Beranang exhibits 
the second highest IRR but ranks seventh and thirteenth on its B/C ratio 
and NPV respectively; on the other hand, Labu yields the highest B/C 
ratio but ranks fifth and third if judged on its IRR and NPV respectively. 
Another feature that may be seen in rankings by the NPV cri-
terion (Table 11.1) is that while it favours large projects over small 
ones (when the NPV is positive), it also penalises heavily large pro-
jects if they fail to make any profits. The lowest ranking of Gedangsa 
by its commercial NPV is a case in point. 
Influence of discount rate on ranking. The choice of discount 
rate also can re-shuffle the relative positions of a given set of invest-
ments. The empirical findings in regard to rankings of land development 
projects by commercial mean B/C and commercial mean NPV, discounted at 6 
and 10 percent, and their rankings by social mean B/C and social mean NPV, 
discounted at 10 and 16 percent, are summarised in Tables Gll.l and Gil.2. 
The changes in position when compared with their rankings discounted at 
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8 percent and 14 percent from the commercial and social viewpoints 
respectively (Table 11.1) are given in Table 11.2. A change in the 
ranking position is denoted by an integer whose magnitude shows the 
extent of shift in positions away from the original rank. A scheme 
whose position remains unchanged is denoted by '0'. A plus sign shows 
an improved position while a minus sign indicates a depressed position. 
TABLE 11.2. EFFECT OF DISCOUNT RATE ON RELATIVE RANKINGS ON LAND 
DEVELOPMENT SCHEMES 
Scheme 
Commercial viewpoint Social viewpoin t^ 
B/C B/C NPV NPV B/C B/C NPV NPV 
( 6 % ) ( 1 0 7 c ) ( 6 7 o ) ( 1 0 % ) ( 1 0 7 c ) ( 1 6 7 o ) ( 1 0 7 o ) ( 1 6 7 c ) 
Serampang + 1 + 1 0 0 0 + 1 0 0 
Tenang 0 0 0 0 - 1 0 0 0 
Timbol - 1 + 1 - 1 + 5 - 2 0 + 1 0 
Labu 0 -1 0 - 1 0 - 1 0 0 
Panchang + 1 0 - 1 0 + 1 - 3 0 0 
Percha - 1 0 - 1 - 3 0 - 1 - 2 0 
L.B,J. + 2 0 + 1 - 5 + 3 0 + 1 0 
Awah 0 - 1 + 1 - 8 0 0 + 1 0 
Gentam 0 + 1 - 2 + 4 0 + 2 - 1 + 1 
Purun 0 0 + 3 - 2 - 2 0 0 0 
Beranang - 1 - 1 0 + 2 - 2 0 - 1 0 
Gerbang 0 0 + 3 - 2 0 0 0 + 1 
Menderang 0 0 + 4 - 2 0 0 0 + 1 
Pepuyu 0 - 1 0 0 0 0 0 
Dua + 1 0 + 1 + 2 0 0 + 1 0 
Beting - 2 0 - 4 + 3 0 0 - 1 0 
Gedangsa + 2 - 1 0 0 0 0 0 - 2 
Rambutan 0 0 0 + 3 - 1 0 0 0 
Sahom - 1 0 - 3 + 2 + 1 0 0 - 1 
Halt 0 + 1 - 5 + 2 0 + 1 + 1 0 
^Ranked according to their commercial mean IRRs (Table 7.1, p.218). 
As compared to rankings at a discount rate of 8 percent (Table 11.1). 
^As compared to rankings at a discount rate of 14 percent (Table 11.1) 
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Obviously, the IRR, r, being the unknown rate of interest in the 
polynomial function (see equation 11.3, p.354), is independent of 
the rate of discount. The actual values of B/C and NPV, discounted 
at the various rates of interest from the commercial viewpoint, have 
already been presented before (Table 7.10, p.245), whilst those from 
the social viewpoint are detailed in Table Gil.2. 
Table 11.2 shows that the rate of discount does alter the 
relative rankings of certain land development schemes. The influence 
on commercial B/C is not very great, since most of the schemes move up 
or down by one position only within the discount rates 6 and 10 percent 
To this extent the disruption caused by the discount rate is not signi-
ficant, probably due to the great homogeneity in cash flow patterns 
compared. Where capital-intensive projects, especially in terms of 
initial fixed investment, are compared with less capital-intensive 
ones, the rate of discount can alter considerably the ranking of a 
project by its B/C. 
The inconsistency caused by the rate of discount on NPV, 
however, is particularly significant in respect of commercial cash 
flows discounted between 6 and 10 percent. The rank of Awah, for 
instance, is greatly depressed from the sixth to fifteenth position 
if the rate of discount is changed from 6 percent to 10 percent; on 
the contrary, Timbol is raised from the ninth to third position (com-
pare Tables 11.1 and 11.2). There is no definite pattern of re-shuffle 
as discount rate changes from one level to another, it being dependent 
on the cash flow profile, 
11.2.2. Graphical Analysis of Selected Cases 
To exhibit cash flow patterns associated with investments 
in land development schemes and the manner in which rankings are 
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altered, present values of revenue stream (R), cost stream (E) and 
revenue less cost stream (NPV) of selected schemes are examined 
graphically. The typical discounted cash flows of individual 
schemes have already been demonstrated in Figure 11.Ij using commer-
cial values of R, E and NPV associated with Serampang. In the main, 
other schemes display similar pattern with their discounted cash flows 
curving downwards towards the right. When the net cash flows of two or 
more schemes, discounted at different rates of interest, are graphed, 
they normally do not cross. As an example, the profiles of NPV from 
the commercial viewpoint for each of the three types of land develop-
ment schemes are displayed in Figure 11.2. Here the equivalence of the 
IRR and NPV criteria is obvious from the 'parallel' NPV curves. The 
B/C ratios of these three schemes cannot be superimposed on the figure, 
but it is unlikely that they will alter the ranking. 
But sometimes the discounted cash flows of two or more 
schemes intersect with one another, signalling the reversibility in 
ranking as the rate of discount varies. The inconsistency has been 
observed in respect of the land schemes ranked according to (a) B/C 
ratio discounted at different rates of interest, (b) NPV discounted at 
different rates of interest, (c) NPV and IRR, (d) NPV and B/C ratio 
and (e) IRR and B/C ratio. These are now discussed with the aid of 
commercial mean cash flows of certain selected schemes. 
B/C ratio as a function of discount rate. The influence of 
the rate of discount on rankings by the B/C measure is demonstrated in Fig-
ure 11.3, which shows the B/C values, discounted at between 5 and 12 
percent, in respect of expected commercial mean cash flows generated by 
Timbol and Labu. It will be seen that the critical rate of discount 
(read from the graph) is 9.35 percent at which both Timbol and Labu yield 
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the same B/C ratio of approximately 1.02. A choice of discount rate 
smaller than the critical rate favours Labu, as opposed to Timbol, but 
the reverse is true for a discount rate greater than the critical rate. 
Such conflict also arises in the case of Panchang and Timbol, as shown 
in the second half of Figure 11.5. 
Of course, the B/C ratio line slopes downward monotonically 
p 
as the rate of discount increases. With the rate of discount falling 
within 5 to 10 percent, B/C lines associated with a great majority of 
schemes exhibit almost parallel slopes. Intersection occurs between 
two schemes when the B/C ratio of one scheme (e.g. Labu) is much more 
sensitive to the rate of discount than the other (e.g. Timbol), 
NPV as a function of discount rate. The inconsistency in 
ranking by NPV is exhibited by the cash flows of Awah and Panchang in 
Figure 11.4. Clearly when the two NPV curves associated with two 
projects intersect with one another, the rate of discount is vital in 
the final selection on the basis of NPV. Thus the NPVs generated by 
Awah and Panchang are equal at a discount rate of 6.4 percent. The 
NPV of Awah is greater for discount rates less than this critical point; 
for a discount rate higher than this, however, the NPV of Panchang is 
greater, despite the fact that Awah is a much bigger scheme in terms of 
planted area. As is obvious from Figure 11.4, divergence between the 
two schemes increases as the rate of discount chosen deviates more and 
more from the critical rate. 
Ranking by NPV and IRR. The lack of equivalence between the 
NPV and IRR criteria is also manifest from the cash flows of Awah and 
Panchang (Figure 11.4). The IRR is indicated at the point at which the 
NPV cuts the horizontal axis. At that point, too, equilibrium is 
reached between the present revenue, R, and the present cost, E, As can 
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be read from Figure 11.4, the IRR of Panchang is 9.7 percent compared 
to 8.7 percent yielded by Awah. Evidently, the former scheme is 
superior if the IRR criterion is adopted. Further Inspection reveals 
that as long as the rate of discount falls within 6,4 and 9,7 percent, 
ranking by either IRR or NPV yields the same result. But when a dis-
count rpf-e lower than 6.4 percent is used, ranking of Awah and Panchang 
by IRR is re-shuffled by NPV, and vice versa. 
Ranking by NPV and B/C ratio. The possible lack of equiva-
lence in ranking between B/C ratio and NPV is illustrated by cash flows 
generated by Panchang and Timbol, This inconsistency is portrayed by 
expressing their respective NPVs and B/C ratios as a function of the 
rate of discount in Figure 11.5. It will be seen that the B/C ratios 
of these two schemes are exactly equal at the discount rate of 7,7 per-
cent, while their NPVs are equal at 9.5 percent. There is no conflict 
when a rate of discount smaller than 7,7 percent or greater than 9.5 
percent is used. For rates of discount smaller than 7,7 percent, 
Panchang is superior to Timbol on either NPV or B/C criterion. The 
reverse is true for rates of discount higher than 9.5 percent. However 
between the range 7.7 and 9.5 percent, the NPV or B/C criterion ceases 
to be a unique measure in that Panchang is shown superior to Timbol on 
the basis of NPV but inferior on the basis of B/C ratio. 
Ranking by IRR and B/C ratio. Figure 11.5 also exhibits the 
conflict in respect of ranking by IRR and B/C ratio. On the basis of 
IRR, Timbol yielding 10.2 percent is obviously more profitable than 
Panchang which gives 9,7 percent. However, the order is reversed if 
the B/C ratio discounted at interest rates lower than 7,7 percent is 
used as a criterion. Only the B/C ratio discounted at interest rates 
greater than 7,7 percent is equivalent to IRR. 
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11.2.3. Ambiguity of IRR 
Of the three investment criteria, the B/C ratio and NPV 
involve the determination beforehand of a rate of interest, their 
magnitude being Indirectly related to the rate of discount, i.e., the 
methods are contingent on the cost of capital. It has been demonstrated 
that conflicts in ranking can arise as a result of using different rates 
of interest. The IRR method, on the other hand, is independent of the 
cost of capital. In the above discussion, the ranking by IRR has 
remained constant because the expected IRRs computed from the mean net 
cash flows are unique, in that only one solution has been found in each 
case. The mean net cash flows consist of only one change of sign: a 
series of net negative values over the development period, followed by 
a series of net positive values in the remaining period of analysis. 
Obviously, where there are multiple rates of return associated 
with a particular cash flow stream, ranking by IRR may also be ambiguous, 
This situation has been found in respect of the commercial 'worst' net 
cash flows associated with a few schemes. Here the net cash flows 
consist of net negative values interspersed among series of net positive 
12 
values towards the end of the project life. Attempts have been made 
to find some of the possible solutions to satisfy the polynomial equa-
tions describing these net cash flows, using different 'approximation 
values' in the Newton approximation method explained in Chapter 2. The 
results are set out in Table 11.3. It will be seen that most multiple 
rates of return associated with the selected schemes are negative. 
Gerbang is the only scheme for which two positive IRRs have been found. 
12 
Lorie and Savage have shown that the IRR is not unique when a stream 
of value varies from negative to positive and negative again, or 
from positive to negative and then positive (see Lorie and Savage, 
Ibid.). Generally, the number of solutions is dependent directly 
on the number of changes in signs. 
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There are more negative solutions than those presented here 
but repeated trials by introducing fresh approximation values in the 
iterative process have failed to identify them. The approximation 
process was very expensive involving lengthy computer time. It was, 
TABLE 11.3. SOME RESULTS OF MULTIPLE RATES OF RETURN ASSOCIATED WITH 
COMMERCIAL 'WORST' NET CASH FLOWS OF SELECTED SCHEMES 
Scheme 
Multiple solutions 
First IRR Second IRR Third IRR 
Gerbang 3.5 0.8 -201.4 
Pepuyu 2.8 -192,9 -
Gentam 6.2 -104.8 -
Purun 5.3 - 48,6 -163.8 
Beranang 4.1 -155.8 -192.4 
Beting 0.2 -206.1 -229,1 
Rambutan -13.0 -192.4 -
therefore, considered not justified for the purpose of this study to 
spend extraordinary effort on this issue. Suffice it to say that 
where multiple rates of return occur, particularly in regard to posi-
tive solutions, conflicts in ranking by IRR may arise. 
11.3 FINAL CONSIDERATIONS 
The IRR, B/C ratio and NPV methods of analyzing investments 
in land development schemes should invariably produce the same invest-
ment decision with regard to acceptance or rejection. The only major 
difficulty is to decide on the appropriate rate of interest for discounting 
the benefits and costs involved and with which the IRR may be compared. 
However, conflicting decisions may arise if it is necessary to choose 
among mutually exclusive projects. The lack of equivalence that may 
arise in respect of a set of mutually exclusive projects assessed on 
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the basis of NPV, B/C ratio (both used independently but discounted at 
different rates of interest), NPV versus B/C, NPV versus IRR and B/C 
versus IRR has been demonstrated. 
In the main, there is little inconsistency between the B/C 
and IRR methods. The NPV method not only favours latger projects but 
is very sensitive to the interest rate. But it is valuable as a 
supplementary measure for indicating the absolute magnitude of gains or 
losses. For practical purposes either the B/C or IRR criterion should 
provide more or less the same investment decisions, if the alternatives 
are consistently analyzed. 
As indicated earlier, the present study is not concerned with 
choosing mutually exclusive land development strategies or a set of 
land development schemes within a given strategy. It deals with the 
relative assessment of the expected economic performance of projects 
already underway, with a view to producing guidelines for policy making 
over future allocations of resources. Conflicts in ranking by the 
three investment criteria are scrutinized here merely to show the 
complexities involved in this part of benefit-cost analysis. 
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CHAPTER 12 
CONCLUSIONS 
Land development is undoubtedly a major means of raising 
rural standards of living and of narrowing the economic imbalance 
between the races in West Malaysia. The selection of appropriate 
strategies and their actual implementation is a matter of considerable 
dispute, however, largely because of disagreement over the economic 
performance of the public-sector investments and over the employment 
opportunities generated. There is also widespread disagreement over 
what level of income is being earned by the rural families involved in. 
different types of development, and of whether this is adequate. All 
these are, of course, empirical questions. In this thesis, an attem,pt 
has been made to provide some answers, first by c o l l e c t i n g original 
data on yields, inputs and related socio-economic aspects, and second by 
using the data for various analyses. 
12.1 A RECAPITULATION 
It has been widely accepted that public-sector investment in 
land development schemes (particularly the high-cost ones) is uneconomic 
from the commercial viewpoint, their justification being primarily poli-
tical, The estimates of the commercial IRR and B/C ratio do not pro-
vide support for this belief (Tables 7.1 and 7.7, pp.218 and 242). The 
expected 'mean' IRRs, when the investment is viewed as a 'smallholding' 
operation in which the replanting cess of 4.5 cents per lb is not 
refunded, average 8.9, 7.1 and 6.0 percent respectively on F.L.D.A., 
State and Fringe schemes (Table 7.2, p.220). Estimates of 'best' and 
'worst' IRRs were also made. On most schemes the returns are more 
than sufficient to cover the actual costs of capital involved. From 
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the 'estate' viewpoint, in which the replanting cess is refunded and 
is therefore not a cost, the 'mean' IRRs quoted are 10.9, 9.4 and 9.0 
percent (Table 7.2, p.220), there being a much greater relative improve-
ment with the Fringe schemes. 
On Fringe schemes, where clonal seedlings were widely planted, 
a significant improvement in economic performance from the commercial 
viewpoint can be expected with the use of clones similar to those adopted 
by the F.L.D.A. (Table 7.7, p.240). There is also scope for further 
improvement through closer supervision. The analysis of com.mercial 
profitability also reveals that where 'ready-developed' areas are avail-
able, it may be more economic for the F.L.D.A. to purchase such areas at 
market prices, as opposed to direct development, especially when low-cost 
capital is available. 
The Government has always believed that from the point of view 
of West Malaysian society as a whole land development for rubber planting 
is highly profitable. The estimates of social IRR and B/C ratio, which 
are based on the Little/Mirrlees approach of shadow-pricing inputs and 
outputs in terms of gains and losses in foreign exchange, provide support 
for this hypothesis. The 'mean' estimates of social IRR thus derived 
are 23.3, 22.2, and 22.7 percent respectively for the F.L.D.A., State, 
and Fringe schemes (Table 8.1, p.253). 
Although the social profitability differs little between types 
of scheme, the F.L.D.A. and State schemes provide much less employment 
per unit of public funds involved; the Fringe-type development, on the 
other hand, is very attractive in this respect (Table 8.4, p.264). The 
F.L.D.A. approach, however, has the great concomitant advantage of 
improving the 'quality of rural life' through the provision of public 
amenities, including houses, water supplies and roads (Tables 8,7 and 
8.8, pp.270 and 272). 
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Since the 'worst' estimates of social IRR are still higher 
than the earnings of West Malaysian portfolio investments abroad, it 
is felt that the Government's belief in the social profitability of 
the schemes is confirmed. It might be pointed out in this connec-
tion that if a choice has to be made among a set of new schemes, it 
would bp more consistent to judge their relative worths on the basis 
of the IRR, as opposed to the B/C ratio. It has been illustrated 
that the ranking of schemes by B/C ratio can be altered by using different 
discount rates (11,2., Chapter 11). Caution should therefore be 
exercised in comparing the B/C ratios of projects, unless the cost of 
capital involved is known with certainty. 
The expected income flows from rubber over the whole tapping 
cycle, and the supplementary earnings from other sources, were analysed 
from the settlers' viewpoint. The results provide support for the 
claim that land development has succeeded in raising the incomes of the 
settler-families involved, as compared both to their previous earnings 
and to those earned by smallholders outside the scheme areas (Tables 
9.15, 9.17 and 9.19, pp.309, 312 and 314). The settlers on Fringe 
schemes still earn less than non-scheme smallholders farming high-
yielding material, however. The results also provide some support to 
the claim that the settlers on most F.L.D.A. and some State schemes are 
now earning an income sufficient to provide a reasonable standard of 
living (estimated at $200-$250 per month) /Tables G9.1(a) and (b)_/. 
This target is far from being attained by those on Fringe schemes 
/Tables G9.1(c)_/, largely because of the smallness of holding size. 
An examination of the potential supply of and demand for 
settlers' labour shows that the level of unemployment and underemploy-
ment is high. The surplus labour, estimated at 45-58 percent of the 
potential supply (Table 10.12, p.331), is no less than the surplus on 
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individual farms outside the schemes (Table 6.6, p.199), There is no 
doubt that the size of the holding is too small to provide sufficient 
employment t o the sett1er~fami1ies. A production function study of 
the Cobb-Douglas type reveals that the marginal value product to oppor-
tunity cost ratios in respect to land and capital are significantly 
greater than one, whilst the marginal value product of labour to its 
opportunity cost ratio is significantly less than one (Table 10.14, 
p.336). Although R^ (0.51) is not very high (Table 10.13, p.335), 
the estimates do provide further support for the hypothesis that there 
is a severe lack of 'equilibrium' in resource use. 
Various ways of increasing the size of the settlers' business, 
with a view to increasing their income and employment on existing 
schemes, are discussed. Major avenues of improvement are increasing 
the area of holdings, tapping more intensively, and introducing a 
supplementary broiler enterprise. 
The major policy implications that can be drawn from this 
study are (a) that the advocacy of current large-scale public-sector 
investment in land development can be justified on economic considera-
tions in terms of commercial and social profitabilities, without 
resorting to political rationalization; (b) that the top priority 
given to the expansion of the F.L.D.A, schemes is generally correct, 
since this high-cost strategy is shown to be the best, in terms of 
higher profitability and less uncertainty in returns, from the commer-
cial, social and settlers' viewpoints; (c) that there is a need to 
adopt a less costly and less centralized approach with a view to 
supplementing (b) in providing more employment; and (d) that measures 
must be taken to ensure that land development provides reasonable 
incomes and employment for the settler-families involved. 
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The goal of reasonable earnings at a high level of employment 
on the scheme farms is thought to be the most important to which future 
policies should be directed- There is considered to be immense scope 
for improvement in the long run through measures aimed at increasing 
the productivity of rubber and other enterprises. The latter involves 
relatively simple changes which can readily be adopted on new schemes. 
Before elaborating on these it is necessary to briefly comment on the 
strategies which are envisaged as appropriate, in light of (b) and 
(c) above. 
12.2 A TWO-PRONGED STRATEGY 
12.2.1. A Centralised and Co-ordinated Land Development Policy 
It is unlikely that F.L.D.A. alone can cope with the demand 
for more land, its pace of development being necessarily restrained by 
both financial and other factors. The low-cost Fringe developments 
are thus thought to have an important role to play in supplementing 
the activities of F.L.D.A. The State schemes, including other minor 
State-sponsored schemes (1.1., Chapter 1), are not so appropriate 
because they produce much less benefit either in terms of their return 
to investment (compared with F.L.D.A. schemes: Table 7,1) or in terms 
of their creation of employment (compared with Fringe schemes: Table 
8.4). Moreover, they (and other State-sponsored schemes) actually 
compete directly with the Fringe developments for the capital and 
managerial skills available within individual States. Competition for 
these resources has been further intensified by the recent creation of 
'youth' schemes, and other types of land development sponsored by the 
State Economic Development Boards. 
A two-pronged strategy involving F.L.D.A. schemes on the one 
hand, and Fringe schemes on the other, is thus considered best for 
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future land d e v e l o p m e n t . It c a n be d e v i s e d to cover areas over w h i c h 
these two a p p r o a c h e s are c o m p l e m e n t a r y . The F . L . D . A . w i l l c o n c e n t r a t e 
on the d e v e l o p m e n t of l a r g e s c h e m e s in isolated areas in w h i c h the 
p r o v i s i o n of i n f r a s t r u c t u r e , i n c l u d i n g s e t t l e r s ' h o u s i n g , is e s s e n t i a l . 
Fringe s c h e m e s w i l l be e s t a b l i s h e d in small areas around the fringes of 
existing v i l l a g e s ; such a r e a s m a y a l s o a r i s e later on around the fringes 
of the F . L . D . A . s c h e m e s w h e n the l a t t e r i n c r e a s e in n u m b e r . 
To a v o i d u n s u c c e s s f u l and s u b - s t a n d a r d schemes the proposed 
two-pronged s t r a t e g y r e q u i r e s a p r o p e r l y c o - o r d i n a t e d policy b a c k e d by 
a high l e v e l of t e c h n i c a l and m a n a g e r i a l e x p e r t i s e . The latter is 
already a d i s t i n c t i v e f e a t u r e of the F . L . D . A . a p p r o a c h w i t h c e n t r a l i s e d 
a d m i n i s t r a t i o n . S i m i l a r t h o u g h less s o p h i s t i c a t e d support is thought 
necessary for the s m a l l l o w - c o s t F r i n g e type of s c h e m e . The existing 
arrangement of p l a c i n g the latter u n d e r the c h a r g e of i n d i v i d u a l State 
Governments w h o a r e a l s o i n t e r e s t e d in d e v e l o p i n g other s e p a r a t e types 
of scheme is not s a t i s f a c t o r y and leads to p o l i t i c a l d i f f i c u l t i e s . ^ For 
example, p o l i t i c i a n s m i g h t p r e s s for the e x p a n s i o n of Fringe s c h e m e s , as 
opposed to F . L . D . A . s c h e m e s , since the latter u s u a l l y cater m o r e for the 
settlers from o t h e r S t a t e s or from d i f f e r e n t d i s t r i c t s w i t h i n the same 
State. The F r i n g e s c h e m e s w i t h o u t c e n t r a l c o n t r o l can be easily m a n o e u v r e d 
to pander to g r o u p s w i t h p a r o c h i a l i n t e r e s t s . The e m e r g e n c e of the 
various types of S t a t e - s p o n s o r e d s c h e m e s in the e a r l y fifties as a 
result of p o l i t i c a l p r e s s u r e (1.1., C h a p t e r 1) is a case in p o i n t . 
A F e d e r a l b o d y p a t t e r n e d on F . L . D . A . is therefore felt essen-
tial to take o v e r the e n t i r e p l a n n i n g , f o r m u l a t i o n and i m p l e m e n t a t i o n of 
The r e f u s a l of the K e l a n t a n State G o v e r n m e n t to a l i e n a t e land to 
F . L . D . A . is a c a s e in p o i n t . The land s c h e m e s in this State have 
been s p o n s o r e d by the K e l a n t a n Land D e v e l o p m e n t A u t h o r i t y . 
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the Fringe type of developments. This agency would gauge the relative 
importance of divergent interests and co-ordinate the proposed low-cost 
developments with the F.L.D.A. activities. With this central body all 
investment funds and technical expertise, now dispersed within and 
between the States, could be harnessed to the maximum advantage. It 
would also ensure that national interests transcend those of conflicting 
groups. To this end FELCRA, which is also charged with the responsi-
bility of opening other small land schemes under the Second Malaysia Plan 
(Chapter 1), could be re-organised along the lines of F.L.D.A. This 
organisation is already backed by a central administration and can thus 
provide a good start. It should be pointed out that the formation of 
such an agency would not preclude the regional development (e.g. the 
Jengka Triangle project) which is quite a different issue, and the deve-
lopment of unsubsidised schemes which are chiefly run by the Chinese 
without public subsidies. 
It is inevitable that the Fringe developments envisaged 
would incur additional costs of management and supervision, but provi-
ding an existing national organisation was used as a base for the new 
co-ordination these costs need not be very much higher than at present. 
The extra benefits should certainly offset the extra expenditures 
involved. 
12.2.2. Methods of Agricultural Development 
The method of development by contract labour, now used on 
F.L.D.A., Fringe and most other types of scheme, is the best and most 
practical one, and should be continued in both high and low-cost schemes. 
The unsatisfactory results of employing settlers in the work of initial 
establishment on F.L.D.A. schemes have already been mentioned (5.1.1., 
Chapter 5). It is felt that settlers' labour can be more profitably 
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utilised in activities aimed at generating supplementary incomes 
(discussed belov?) . 
The study reveals that the development of land schemes is 
characterised by a relatively higher cost and longer period of 
immaturity than those of the commercial estates. Thus on F.L.D.A. 
schemes, which are the only type comparable to estates in their approach, 
total development costs of $1,298 to $1,698 per acre were reported 
(Table 5.1, p.130). These are high compared with the common range of 
2 
$1,000 and $1,100 per acre incurred on most estates. While a higher 
cost might be expected in public-sector development, the differential 
certainly suggests immense scope for economies. The high cost was due 
partly to the longer period of development involved, about seven years 
not including clearing and land preparation (Table 1.6, p.22), compared 
with five to seven years on efficient estates. A shorter immature 
period will certainly benefit settlers in terms of earlier incomes.^ 
In this connection it is felt that it may be feasible in 
some instances to achieve greater efficiency through acquiring 'ready-
developed' areas, and the profitability of this has been examined 
(Table 7.11, p.249). There are two advantages. First, the settler-
families can have immediate cash income. Second, the risks and un-
certainties (e.g. poor growth, losses of stands, etc.) associated with 
Some aspects of these costs can be found in Ng Choong Sooi, 'Some 
Aspects of Estate Replanting and Newplanting Costs', Planters' 
Bulletin of the Rubber Research Institute of Malaya, No.92, 
September 1967, pp.164-175. This study reported an average 
cost of $837 per acre, not including the cost of management which 
usually works out at $50-$60 per acre. 
^For the great financial advantage in bringing areas into tapping 
earlier, see C. Barlow and Ng Choong Sooi, 'Budgeting on the 
Merits of a Shorter Replanting Period', Planters' Bulletin of 
the Rubber Research Institute of Malaya, No.87, September 1966, 
pp.216-236. 
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agricultural d evelopment are borne by the private developers But 
there are practical limitations. Where an estate is already providing 
gainful employment, its conversion into land schemes with individual 
ownership will not contribute to additional employment, since the 
existing workers cannot be dismissed in favour of the unemployed else-
where in the economy. There is also likely to be a shortage of large-
scale developed areas ready for sale to the public sector. 
The suggestion nevertheless merits serious considerations in 
view of the heavy pressure for land and the lack of technical and mana-
gerial skills in the public sector. The State Government might alienate 
land to the private sector, for example, on the condition that part of 
the developed area, planted with rubber and maintained upto maturity, 
be transferred back to the government. The expenditures incurred in 
developing this area would be reimbursed, both to ensure that the deve-
lopers do not encounter losses and that a desired standard of husbandry 
was achieved. Joint ventures might also be undertaken between the 
public and private sectors, with the latter supplying the managerial 
skills. The practical difficulties involved in these suggestions 
should be tested experimentally in a few projects. 
12.2.3. A System of Wage Employment 
Under the existing arrangements settlers on the schemes are 
allotted individual holdings, for which separate titles will eventually 
be issued after the repayment of all loans. While this is in line with 
the policy objective of creating a farming community of owner-operators, 
and is most acceptable to the rural population in view of their tradi-
tional attachment to land ownership, the system may not be the best in 
the circumstances. This belief stems from the observation that although 
F.L.D.A. schemes are in many respects similar to estates, they lack 
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certain important features which are crucial to good performance. Thus 
the settlers are less disciplined than the estate workers and it is more 
difficult to enforce the intended agricultural practices. 
Such problems could be resolved with the introduction of a wage 
employment system, whereby settler-families were hired on the estate 
basis. The settler-families could still be allotted small non-rubber 
lots for enterprises aimed at supplementing family income. 
Many benefits would accrue from this arrangement. First, the 
settlers would receive a wage that did not fluctuate greatly and would 
not incur heavy debts. Second, there would be greater equality in the 
distribution of earnings among the settlers because the latter's incomes 
would not be dependent on the productivity of individually-owned lots. 
Also, as wage-earners, the settlers would no longer encounter losses in 
income arising from natural hazards (e.g. losses of trees due to wind 
damage, fire and floods), since there would be a 'pooling of risks'. 
Third, a higher and more uniform standard of husbandry would certainly 
be achieved, since settlers could be expected to follow instructions as 
those working on estates. This would be of significant importance at 
a later stage of exploitation, bearing in mind the fact that well-maintained 
holdings are a pre-requisite to achieving the dramatic response from 
ethrel stimulation"^ (3.3.1., Chapter 3), Finally, there would also be 
a longer-term advantage stemming from a systematically planned replant-
ing programme, which can be carried out in several phases to avoid dis-
ruption in income flow. 
The suggestion of 'employing' settlers instead of allotting 
them separate holdings on new schemes may encounter some objections in 
See Rubber Research Institute of Malaya, Annual Report. 1971 (in print). 
Sections on 'Botany' and 'Economics and Planning', Kuala Lumpur, 
1972. 
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view of the traditional sentiments towards land ownership. However, 
the settlers' deep-rooted relationship with land will be maintained 
through the individual ownership of non-rubber lots envisaged in the 
proposed system of wage employment. 
12.3 MAXIMIZING THE USE OF RESOURCES 
Some possible measures for augmenting settlers' income and 
increasing employment within the existing schemes have already been 
detailed (10.4,, Chapter 10). Appropriate measures for future schemes 
are now discussed. 
12.3.1. Bigger Size of Holding 
It has been estimated that a holding size of 8 to 10 acres of 
the latest high-yielding rubber (RRIM 600) is needed to provide 'reason-
able' earnings of $250 per month per settler-family (Table 10.14, p.336), 
In implementing new schemes under the proposed two-pronged strategy this 
size goal should certainly be aimed at. In addition, a non-rubber lot of 
one half to one acre per family is deemed necessary on schemes with 
residential settlers (predominantly F.L.D.A. schemes). Where settlers 
live outside the schemes, as with most Fringe development, the majority 
of them can be expected to own other lots in nearby kampongs, 
Even with holdings of this area there would probably still be 
unemployment due to the big surplus of farm labour (Table 10.12, p.331). 
Nevertheless, there are several possibilities of increasing employment 
(discussed below). 
12.3.2. Higher Planting Density 
Reference has been made to augmenting settlers' incomes in the 
long-run (on new schemes) through planting more trees per acre (10.4.3., 
Chapter 10). In rubber production the yield per acre is positively 
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correlated with the stand per acre, the yields secured from denser 
plantings being usually considerably higher than yields obtained from 
low stand. This fact is borne out by the results of two R.R.I.M. long-
term experiments comparing yields and other factors at different den-
sities of planting (hereafter referred to as El^ and respectively). 
Both experiments showed that although yields per tree were significantly 
greater at low densities, lifetime yields per acre tended to increase 
significantly with density; the additional numbers of tapped trees in 
denser plantings were more than sufficient to offset the decreased 
production per tree. Thus in El (planted with clones AVROS 50), in 
which no deliberate thinning took place, the mean yield (averaged over 
a 21k year period) at an original density of 435 trees per acre was about 
26 percent greater than that secured from a density of 125 trees per 
acre (Table 12.1). In E2 (Table 12.2) where programmed thinning was 
carried out in the two replications, the mean yields (averaged over a 
11 year period) of PBIG and Tjir 1 seedlings at an original stand of 
435 trees per acre (thinned to a final stand of 174 trees per acre in 
both cases) were about 30 and 20 percent respectively more than the 
yields secured at a density of 150 trees per acre (thinned to 110 and 
118 trees per acre) . 
Such dramatic increases in yields with rising density were 
also observed in a survey of high-yielding smallholdings in 1963/64. 
D.R. Westgarth and B.R. Buttery, 'The Effect of Density of Planting on 
the Growth, Yield and Economic Exploitation of Hevea Brasiliensis 
Part I. The Effect on Growth and Yield', The Journal of Rubber 
Research Institute of Malaya, Vol.19, Part I, 1965, pp.62-73. 
^B.R. Buttery, P.R, Wycherley and C, Barlow, Density of Planting and 
Degree of Thinning: An Experiment on Sepang Estate, Rubber Research 
Institute of Malaya, Research Archives Document 62, Kuala Lumpur, 
September, 1969. 
^Rubber Research Institute of Malaya, Unpublished results of Small-
holdings Surveys, 1963/64. 
TABLE 12.1. 
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MEAN YIELDS PER TREE AND MEAN YIELDS PER ACRE AT DIFFERENT 
PLANTING DENSITIES (WITHOUT THINNING) OBSERVED IN A CON-
TROLLED EXPERIMENT PLANTED WITH CLONE AVROS 50 AT THE 
EXPERIMENTAL STATION OF THE RUBBER RESEARCH INSTITUTE 
OF MALAYA (JULY 1936 - JANUARY 1959) 
Treat-
ment^ 
Planting distance 
(ft) 
Initial stand*^ 
(trees/acre) 
Mean yield 
per treec 
(lb/year) 
Mean yield 
per acre<^ 
(lb/year) 
A 30 X 30 48 17.43 
1 
773 i 
B 20 X 20 108 9.62 874 ! 
C 20 triangular 125 8.53 883 1 
D 14 X 14 222 6.16 1014 
E 12 X 12 302 5.09 992 
F 10 X 10 435 4.44 1116 
1 
Budded stumps for these treatments were planted out in November 1930 on a 
40-acre field. Each treatment was replicated six times in a latin 
^ square design. 
No deliberate thinning took place apart from the removal of a few disease 
trees. 
Over a Tl\ year period. 
Source: D.R. Westgarth and B.R. Buttery, 'The Effect of Density of 
Planting on the Growth, Yield and Economic Exploitation of 
Hevea Brasiliensis Part I. The Effect on Growth and Yield', 
The Journal of Rubber Research Institute of Malaya, Vol.19, 
Part I, 1965, pp.62-73. 
This indicated that the latex yields per acre per year on holdings in 
the 'over 224 trees' class averaged about 14 percent more than on 
holdings in the '125 to 149 trees' class (Table 12.3). 
Densities of 120 to 130 trees in tapping per acre have been 
traditionally recommended by the R.R.I.M. for planting on estates. In 
order to achieve this final tapping stand an initial density of 180 
trees per acre is adopted for budded rubber.® This is reduced by a 
planned thinning programme over the immature period on the basis of 
growth (and yield after first tapping) and involuntary losses, to 120 
8 For more details of the R.R.I.M. recommendations on the density of 
planting, see Rubber Research Institute of Malaya, Planters Bulletin, 
No.22, January 1956. 
TABLE 12.2. 
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MEAN YIELDS PER TREE AND MEAN YIELDS PER ACRE AT DIFFERENT 
PLANTING DENSITIES (WITH THINNING) OBSERVED IN A CONTROLLED 
EXPERIMENT ON SEPANG ESTATE, JANUARY 1948 - JUNE 1959 
Treatment 
Initial 
stand 
(trees/acre) 
Final 
stand 
(trees/acre) 
Mean yield 
per tree^ 
(lb/year) 
Mean yield 
per acre<^ 
(lb/year) 
Replication I 
fPBIG seedlings) 
A 150 110 7.85 694 
B 
a 
279 119 7.69 777 
^ 279 154 6.44 849 
C 
a 
435 155 6.48 894 
s 
435 174 6.11 900 
D 150 98 7.25 589 
Replication II 
(Tiir 1 seedlings) 
A 150 118 6.68 686 
Ba 279 
121 6.67 740 
Bb 279 151 5. 94 
805 
Ca 435 154 
5.70 784 
S 
435 174 5.41 822 
D 150 95 7.90 676 
^Both replications were newplantings on a loose peaty clay soil. 
Replication I was planted in September-November 1937, and Replication 
II in December 1937 to January 1938. The seedlings in treatment D 
of both replications were budded with Tjir 1 during April-May 1939. 
The trial was opened in January 1948 and terminated in June 1959. 
In 1955/1959. Q 
Over an 11-year period. 
Source: From B.R. Buttery, P.R. Wycherley and C. Barlow, Density of  
Planting and Degree of Thinning: An Experiment on Sepang 
Estate, Rubber Research Institute of Malaya, Research Archives 
Document 62, Kuala Lumpur, September 1969. 
trees per acre in the tenth year of tapping. For seedlings, the 
recommended initial stand is 240 trees per acre, which is thinned to 
160 trees per acre at the commencement of tapping, and to 120 trees 
per acre a few years later. A higher starting stand is recommended 
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for seedling families because of their known variability, which entails 
more thinning in order to weed out runts, unproductive trees, and 
damaged trees caused by hazards of root disease, termites and other 
natural causes. 
TABLE 12.3. AVERAGE YIELDS OF LATEX PER ACRE ON HIGH-YIELDING SMALL-
HOLDINGS WITH VARYING TAPPING STANDS, 1962/1963 
Tapping stand H o i d i n g Amount of latex'^ 
(trees/acre) No. % total (lb/year) 
Up to 99 30 6,1 714 
100 - 124 49 9,9 851 
125 - 149 96 19.4 911 
150 - 174 146 29.5 901 
175 - 199 107 21.6 1004 
200 - 224 49 9.9 967 
Over 224 18 3.6 1070 
Total 495 100 923 
^Lower stands were deliberately aimed at through thinning. 
The amounts of lower grade, forming about 20-25 percent of the total 
crop were not available. 
Source: Rubber Research Institute of Malaya, Unpublished Results of 
Smallholdings Surveys in 1963/64. 
On estates, densities greater than the 'normal' stand quoted 
are usually considered not economic, largely because the extra tapping 
and collection costs involved completely offset the extra revenue from 
yield increases. Other costs which are likely to increase with density 
are planting, budding, maintenance and capital outlay on labour accommo-
dation, but these are relatively minor. In view of this there is a 
general tendency to further reduce the tapping stand to a range of 90 
to 110 trees per acre. The estate standards have always been closely 
adhered to on the schemes, particularly those run by the F.L.D.A., the 
common range of densities being 120 to 150 trees in tapping per acre. 
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The cost constraints in estate production are not of course 
relevant on smallholdings where labour is surplus, or relatively cheap 
if hired. In these circumstances increase yields realised at high 
densities will invariably result in higher earnings. An attempt to 
investigate the effect of planting densities on profit was made by 
9 
Barlow and Lim, using the El experiment mentioned above. The results 
show that, at a price of 50 to 60 cents per lb, a final stand of about 
125 trees per acre in tapping is a fair optimum under estate conditions. 
But on smallholdings worked by hired workers a higher tapping density of 
150 to 175 trees per acre is appropriate. On smallholdings where un-
paid family labour is used an even higher stand of 200 or more trees is 
desirable. 
The 'optimum' in the estate situation is broadly in line with 
the 'normal' densities of 120 to 130 trees in tapping quoted above. 
The findings in respect to smallholdings, however, suggest that there 
is immense scope for improving smallholders' earnings through planting 
considerably larger numbers of trees than at present. At an f.o.b. 
price of 50 cents per lb the yield increases gained by increasing the 
stand as quoted above in El and E2 are worth about $30-$54 per month on 
an 8-acre holding, and $38-$67 on a 10-acre holding, after allowing for 
export duties, cesses and marketing charges. These increases are very 
substantial, bearing in mind the fact that many settlers are now earning 
only $100 to $150 per month. 
The higher stands would also provide significantly more employ-
ment to the settler-families. It has already been reported that the 
^C Barlow and Lim Sow Ching, 'Effect of Density of Planting on the 
'Growth Yield and Economic Exploitation of Hevea Brasiliensis Part 
II The Effect on Profit', The Journal of the Rubber Research 
of Malaya, Vol.20, Part I, 1967, pp.44-64. 
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common task size on existing schemes is about 350 trees (Table 10,11, 
p.330). Where there are 140 trees in tapping per acre these occupy 
an area of 2.5 acres. If the tapping stand was increased to 200 trees 
per acre with the same task size, an extra 0.43 person would be needed 
to cover the same area. Finally, the holdings planted with more trees 
can afford greater involuntary losses, especially during the develop-
ment period. It was mentioned earlier that losses of trees, and the 
subsequent failure of contractors to replace them, partly contributed 
to the low densities and hence lower yields on some schemes (e,g. 
Gedangsa) (5.1.2., Chapter 5). 
In view of the above it is considered imperative that all new 
schemes should aim at higher densities than at present. A stand of 
200 trees in tapping is felt to be a fair 'optimum' to aim for. A 
slightly higher stand may be acceptable in circumstances where the 
yields per tree are still high, but it would appear to be of little 
advantage to aim at a tapping stand of more than 225 trees per acre. 
12.3.3. The Use of Latest High-Yielding Material 
One basic avenue for improving yield performance is, of course, 
through the use of better planting materials. The great differences 
in the yield as a result of various materials has already been detailed 
(Chapter 3). The dramatic improvement in performance on Fringe schemes 
that can be achieved with high-yielding material has also been demon-
strated (Table 7.7, p.240). It is stressed that the improvement of 
planting materials has been and is likely to go on being a continuing 
process. Many new clones have been developed since the fifties by 
the R.R.I.M. and other organisations, but most of them have been 
rejected owing to inferior yields or undesirable characteristics such 
as proneness to wind damage, susceptibility to dryness, or production 
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of unsuitable latex. The 'best' material available now is RRIM 600, 
which gives an average yield of just over 3,000 lb per acre in the 
tenth year of tapping under experimental condition and does not 
exhibit the undesirable secondary characteristics mentioned. This 
clone is now widely used on estates in West Malaysia. 
Another significant recent advance is the development of 
'three-part-trees', which are the results of grafting together clones 
with the best known crown, trunk and root systems. The trees produced 
by this crown-budding technique are very good yielders with strong 
resistance to wind damage and leaf diseases. 
Where new schemes are being planned, measures must therefore 
be taken to ensure that only the latest best yielders are used. The 
supply of such material is unlikely to pose a problem, since this can 
readily be propagated in nurseries without difficulties. 
12.3.4. Higher Tapping Intensity 
Adopting a tapping frequency more intensive than the conven-
tional half spiral alternate daily (S/2.d/2 100%) system has been 
suggested as a means of improving yields on the existing schemes (10.4.3., 
Chapter 10). More intensive exploitation, based on the 'daily' or 'tap 
two days, rest one day' systems currently adopted on many non-scheme 
smallholdings, should also be used on new schemes. 
R.R.I.M. experiments comparing different tapping systems 
involving intensities of 50 to 133 percent reveal that all tapping 
systems retard girth increment in all clones as compared to untapped 
^°For detailed information, see P.K. Yoon, 'Further Progress in 
Crown Budding', Planters' Conference, Kuala Lumpur, July 1971, 
Preprint. 
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trees.^^ But this retardation is caused more by the length of the 
cut (tapping on full spiral instead of half spiral, for instance) 
rather than by the frequency of opening. There is, of course, a clonal 
interaction; for example, the long cut systems have produced the most 
depressive influence on GT 1 and RRIM 607 (both are not commonly used on 
smallholdings) and the least on RRIM 600 (currently the most popular 
clone). 
As with higher planting densities, more intensive exploitation 
of the trees has been discussed by the authorities. To a large extent, 
this reflects the gearing of the research and advisory efforts of the 
R.R.I.M. to estate interests. It is felt that tapping experiments 
should now be undertaken to determine the appropriate tapping systems 
to use in the smallholding situation, where family labour is surplus. 
Here the criterion should be maximum productivity, since tapping is 
'free'. However, until further information is forthcoming it is consi-
dered advantageous to recommend an increase in tapping intensity on 
schemes, so long as the operation is properly supervised. 
12.3.5. Intercropping 
In formulating and implementing the Fringe schemes it was 
assumed that the settler-families involved had sufficient land in 
nearby villages to generate an income whilst the rubber on the schemes 
was being developed. The survey results do not fully support this 
assumption (Table 9.11, p.298). Indeed the need to secure supplemen-
tary income elsewhere, together with the long distances of scheme 
holdings from the kampongs (Table 10.3, p.321), largely contributed to 
See, for example, E.K. Ng et al., 'Exploitation of Modern Hevea 
Clones', The Journal of the Rubber Research Institute of Malaya, 
Vol.21, Part 3, 1969, pp.292-329. 
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the lack of care in the scheme holdings and to the consequent poor 
standards. The possibility of generating additional income through 
intercropping, and of sustaining the settlers' interest in rubber through 
this practice, is now examined. 
The financial benefits accruing from intercropping during the 
first two to three years of immature growth of rubber has led to its 
widespread adoption on smallholdings, and on holdings on unsubsidised 
land schemes. On subsidised schemes leguminous covers are planted, 
for these are considered to play an important role in maintaining the 
quality of good soils and in improving that of poor ones; the heavy 
labour requirements of intercropping have also led estates to plant 
covers. Intercrops, on the other hand, compete with rubber for nutrients 
and moisture, and sometimes lead to soil erosion. 
12 
A recent survey, however, showed that the growth of the 
intercropped rubber was not adversely affected, as compared to the 
rubber with leguminous covers. Two Indonesian experiments also recorded 
that rubber intercropped with well-maintained hill padi grew better and 
came into tapping earlier than comparable trees planted with leguminous 
1 
covers. In West Malaysia castor has been reported to have no harmful 
effect in the early phase of rubber growth.^^ Similar experience has 
The discussion on this subject is based largely on the results of a 
study undertaken by the writer in 1968. For details, see Lim Sow 
Ching, An Agro-Economic Study of Inter-crops on Rubber Smallholdings, 
Rubber Research Institute of Malaya, Economic Report No.6, Kuala 
Lumpur, June 1969. 
Garot, 'Padi Sebagai Tanaman Sela Pada Tanaman Ulangan Karet di-
Kebun Tjikumaj', Menara Perkebunan, 27, 1958, pp.123-127; and 
W. Soetardi, 'Intercropping in Immature Rubber', Warta Karet, 1, 
No.8, 1965, pp.6-9 (Rubber Research of Malaya, Trans. No.763, 1967). 
^^M.M. Chandapilla, 'Castor: A Prospective Intercrop in Malayan 
Plantations', Proceedings of the Second Malaysian Oil Palm, 
Conference, Kuala Lumpur, 1968. 
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also been recorded in recent R.R.I.M, trials on smallholdings inter-
cropped with soya beans, maize, groundnuts, sorghum, cocoa, tapioca 
and bananas.^^ 
In sum there seems to be a consensus that intercropped 
holdings generally have a high standard of performance because of the 
extra care extended to the young rubber. Some intercrops also reduce 
the emergence of weeds before the canopy is developed. It should be 
pointed out that even if inter-row cultivation affects the rubber trees, 
either in terms of delayed opening or subsequent losses in yields, the 
benefits from intercropping may still offset this disadvantage,^^ 
It is therefore recommended that intercropping be adopted on 
schemes, particularly on Fringe type developments, both to provide some 
income and to encourage the settlers to care for the young rubber. The 
choice of crops, however, depends on many agronomic and economic factors. 
Amongst the more important agronomic considerations are that the crop 
should: (a) have an economic life of less than three years, (b) have 
a root system different from rubber, (c) be able to suppress weed growth, 
(d) not be susceptible to severe incidence of pests and diseases, (e) 
entail minimum tillage so as to lessen soil erosion or destruction of 
structure, (f) be suited to local conditions, soil type and climate, 
and (g) not require any special expertise or facilities for processing. 
It is, of course, difficult to find a crop which will meet all the 
requirements listed, but they certainly have to be borne in mind in 
selection. 
^^Rubber Research Institute of Malaya, Annual Report, 1969-71, 
Kuala Lumpur. 
For detailed discussion of this issue, see Lim Sow Ching, ££•cit., 
pp.45-47. 
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The most important consideration from the economic viewpoint 
is effective demand. In considering this issue it may be useful to 
classify crops into (a) those which are now widely cultivated and whose 
production is generally sufficient to meet local requirements (e.g. 
bananas), (b) those which are grown mainly for export (e.g. pineapples), 
(c) those which are imported in large quantities but can be established 
locally (e.g. soya beans) and (d) those which are entirely new or only 
grown on a limited acreage, and are not consumed in large quantity 
(e.g. sorghum). The crops under (d) can be ignored at the outset 
because of the lack of a market. For the same reason the crops classi-
fied under (a) should not be chosen unless there is enough local demand 
to justify its cultivation. It is also not considered wise to give too 
much emphasis at this stage to export crops, even in cases where overseas 
market has already been established (e.g. pineapples and tapioca). This 
is because there are many difficulties in meeting the needs of such a 
market. For example, it is uneconomic (because of the resulting dis-
continuities in supply) to export bananas from an area which is less 
than 6,000-8,000 acres, or situated too far from a port. 
The import-substitution crops appear most promising, the common 
ones being maize, groundnuts, chillies, soya beans and castor. The 
first three are already being cultivated quite extensively throughout 
the country, and the cultural practices are well known to smallholders. 
The survey revealed that the cultivation of these crops was profitable, 
giving labour income (gross income less all material costs) of $158 for 
maize, $290 for groundnuts and $763 for chillies per acre per crop cycle 
of 3.2, 3.3 and 6.6 months respectively. With regard to soya beans and 
castor, recent experiments have shown that they can be established with-
out much difficulty and that reasonable yields can be achieved. Two 
other possible import-substitution crops are tobacco and sugar cane. 
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From the agronomic viewpoint groundnuts and soya beans are 
good intercrops. Both provide excellent ground cover, and being legumes 
possess the ability to fix nitrogen; the latter partly explains the 
popularity of groundnuts as a rotational crop on immature rubber holdings. 
Soya beans have the additional advantage that they involve very little 
soil disturbance. With groundnuts the soil disturbance can be avoided 
by growing the crop on the ridge instead of on the flat. Again, in 
the context of national planning the selection of protein-rich soya beans 
and groundnuts can complement the protein-deficient cereal rice, which is 
the staple food in Malaysia. 
In respect to marketing it is considered that the scheme 
authority should set up a co-operative society to take over this res-
ponsibility and market the products in bulk. Very often individual 
producers lack market information and are unable to meet the consumers' 
requirements in respect of form, place, price and quantity. The services 
of this society are also needed in marketing the products of other non-
rubber farm enterprises (see below). 
12.3.6. Non-rubber Farm Enterprises 
The important role of non-rubber enterprises (vegetables, 
fruit trees, and poultry-rearing) in supplementing the settlers' incomes 
on the existing schemes and their potentials for expansion have already 
been detailed. The comments apply equally well on the newly established 
schemes with residential settlers. It should,however, be stressed that 
in implementing such new schemes special efforts should also be directed 
to the immediate development of these non-rubber enterprises aimed at 
producing quick returns to the settlers. In order to achieve this 
objective the non-rubber lots must be cleared and ploughed at the same 
time as the preparation of rubber lots. This arrangement, which would 
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entail small additional costs, would enable the settlers to start 
cultivation immediately after their arrival. If properly co-ordinated 
it should be possible to link the development of these other enter-
prises with intercropping. 
An important consideration arising from the latter suggestions 
is the distance between the rubber lot, the non-rubber lot and the 
village. Reference has already been made to the possible retarding 
effect of long distances on the propensity to work during the after-
noon, which is the most unpleasant time of day in the tropics. If the 
settlers are expected to work in different areas it would certainly 
appear to be advantageous to plan for shorter distances between lots 
on new schemes. One practical approach is to site all settlers' 
houses in their respective non-rubber lots, instead of the latter forming 
a contiguous block separated from the central village as in the case of 
former dusun land on F.L.D.A. schemes. It is also possible to 
'decentralize' the village, dividing it into two or more blocks, so 
that the house-rubber lot distance is reduced.^^ In addition, the 
rubber and non-rubber lots allotted to a settler can be combined to 
form a 'mixed' lot. 
12.3.7. Other Measures 
The great variation in performance among individual schemes 
within each type of development strategy suggests that there is much 
further scope for improvement. Field visits to 50 odd schemes (listed 
in Appendix A) indicated that the lack of suitably qualified personnel 
to supervise the initial clearing and subsequent field maintenance had 
An example of this arrangement may be seen in Sekinchang padi scheme 
in Selangor where the settlers (all Chinese) live in a village 
divided into several blocks. 
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partly contributed to the unsatisfactory standard on many schemes, and 
that there was a strong positive correlation between the overall standard 
of the schemes and the quality of supervision. 
Finally, as a longer-run measure, there appears to be a need 
to check further increase in scheme population. Here it is suggested 
that family planning measures be more actively prosecuted on new 
schemes. 
12.4 A FINAL COMMENT 
It is believed that the prospects of raising the incomes 
of settler-families on land development schemes are excellent. The 
major increases in income and in employment opportunities from rubber 
are likely to be those springing from bigger-sized holdings and from 
planting larger numbers of trees per acre. Significant increases in 
settlers' incomes are also likely as a result of intercropping during 
the immature period and of the intensive exploitation of other farm 
enterprises. 
The fact must nevertheless be faced that the materialisation 
of the various improvements discussed depends primarily on the settlers 
themselves, who must now be imbued with a new set of values with 
regard to modern farming based on new agricultural techniques. For 
a 'mental revolution' is also vital to the eventual success of land 
development policy directed at the socio-economic advancement of the 
rural population. 
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Appendix A 
LIST OF SCHEMES VISITED BEFORE FINAL SELECTION, 
NOVEMBER - DECEMBER 1970 
Scheme District and State Year Started Rubber Area 
F.L.D.A. 
1 Gedangsa UIu Selangor, Selangor 1961/62/64 4543 
2 Bilut Valley Bentong, Pahang 1960/62 4570 
3 Bt. Tajau Temerloh, Pahang 1963/65 2745 
4 Kg. Awah Temerloh, Pahang 1961/62/64 2360 
5 L.B.J. Seremban, Negri Sembilan 1961/62/64 3178 
6 Sendayan Seremban, Negri Sembilan 1961/62 3300 
7 Hutan Percha Alor Gajah, Malacca 1961-1964 2359 
8 Machap Alor Gajah, Malacca 1959 726 
9 Ayer Hitaiti Batu Pahat, Johore 1961 2595 
10 Bt. Serampang Muar, Johore 1961/62/64 2989 
11 Tenang Segamat, Johore 1961/62/64 2764 
State 
12 Sungai Dendang Dindings, Perak 1961 624 
13 Pintu Gerbang Dindings, Perak 1961 504 
14 Gelong Pepuyu Dindings, Perak 1961 480 
15 Kg. Menderang Btg. Padang, Perak 1960 600 
16 Kg. Sg. Dara Ulu Bernam, Perak 1960 402 
17 Sungai Durian Lower Perak, Perak 1960 600 
18 Ayer Belaga Kuala Krai, Kelantan 1952 288 
19 Pasir Kelang Taku Kuala Krai, Kelantan 1959 2142 
20 Sungai Tekali Ulu Langat, Selangor 1960/62 670 
21 Sungai Marab Ulu Langat, Selangor 1961 516 
22 Durian Tawar Temerloh, Pahang 1960 308 
23 Mengkuang Temerloh, Pahang 1960 302 
24 Tersan Raub, Pahang 1960 428 
25 Sungai Dua Tampin, Negri Sembilan 1958 300 
26 Mahsan Kuala Pilah, Negri Sembilan 1958 402 
27 Labu Seremban, Negri Sembilan 1959 906 
28 Jimah Port Dickson, Negri Sembilan 1959 558 
^15 
29 Panchang Rembau, Negri Sembilan 1960 531 
30 Lipat Kajang Jasin, Malacca 1959 530 
31 Paya Tanjong Jasin, Malacca 1966 300 
32 Suak Rambutan Kuala Kangsar, Perak 1962 345 
33 Ulu Maran Kuala Kangsar, Perak 1962 147 
34 Suak Palong Kuala Kangsar, Perak 1962 260 
35 Sahotn Kinta, Perak 1962 230 
36 Klan L It 'A' Batang Padang, Perak 1962 200 
37 Simpang Perak Ulu Perak, Perak 1962 280 
38 Tiang Bertarah Batang Padang, Perak 1963 133 
39 Sg. Pahlawan Batang Padang, Perak 1963 343 
40 Ijok, Batu 28 Kuala Selangor, Selangor 1966 340 
41 Batu Sawah Pekan, Pahang 1963 158 
42 Serengkam Pekan, Pahang 1962 295 
43 Kg. Aur, Rompin Pekan, Pahang 1963 250 
44 Paya Paitiah Temerloh, Pahang 1961 514 
45 Broga Seremban, Negri Sembilan 1961 150 
46 Ulu Beranang Seremban, Negri Sembilan 1961 160 
47 Purun Jelebu, Negri Sembilan 1961 742 
48 Pasir Timbol Kuala Pilah, Negri Sembilan 1961 178 
49 Kg. Beting Kuala Pilah, Negri Sembilan 1961 236 
50 Sg. Muntoh I Port Dickson, Negri Sembilan 1962 444 
51 Kg. Durian Daun Rembau, Negri Sembilan 1962 542 
52 Jalor Ayer Kuning Tampin, Negri Sembilan 1962 464 
53 Kg. Sg. Dua Tampin, Negri Sembilan 1963 135 
54 Ulu Gentam Tampin, Negri Sembilan 1963 120 
55 Batang Melaka Jasin, Malacca 1965 75 
56 Bukit Katong Jasin, Malacca 1965 44 
57 Buloh Kasap/ 
Sermln Segamat, Johore 
1963 75 
58 Serai Wangi Batu Pahat, Johore 1963 41 
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Appendix B 
DETAILED LOCALITY OF SELECTED SCHEMES 
Scheme 
F.L.D.A. 
Bukit Serampang 
Tenang 
Hutan Percha 
L.B.J. 
Kampong Awah 
Gedangsa 
State 
Labu 
Panchang 
Pintu Gerbang 
Kampong Menderang 
Gelong Pepuyu 
Sungai Dua 
Fringe 
Pasir Timbol 
Ulu Gentam 
Purun 
Ulu Beranang 
L o c a 1 i t 
Muar district, Johore. About 33 miles north-east of 
Muar. 
Segamat district, Johore. About 4 miles north of 
Labis. 
Alor Gajah district, Malacca. About 11 miles east 
of Alor Gajah. 
Seremban district, Negri Sembilan. About 25 miles 
west of Seremban. 
Temerloh district, Pahang. About 11 miles east of 
Temerloh. 
Ulu Selangor district, Selangor. About 14 miles 
north-west of Tanjong Malim. 
Seremban district, Negri Sembilan. About 3 miles 
west of Labu New Village. 
Rembau district, Negri Sembilan. About 3 miles north 
of Lubok China Village. 
The Dindings district, Perak. About 5 miles north-
east of Bruas. 
Batang Padang district, Perak. About 5 miles north-
east of Sungkai. 
The Dindings district, Perak. About 24 miles north-
east of Sitiawan. 
District of Tampin, Negri Sembilan. About 55 miles 
south-east of Seremban. 
Kuala Pilah district, Negri Sembilan. About 12 miles 
south of Kuala Pilah. 
Kuala Pilah district, Negri Sembilan. About 6 miles 
east of Kuala Pilah. 
Jelebu district, Negri Sembilan. About 6 miles east 
of Kuala Klawang. 
Seremban district, Negri Sembilan. About 2 miles 
north of Lenggeng. 
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Kampong Beting 
Suak Rambutan 
Sahom 
Klan Halt 'A' 
Kuala Pilah district, Negri Sembilan. About 7 
miles north of Kuala Pilah. 
Kuala Kangsar district, Perak. About 15 miles 
north of Kuala Kangsar. 
Kinta d i s t r i c t , Perak. About 25 miles south of 
Ipoh. 
Ulu Bernam district, Perak. About 2 miles south-
west of Slim R i v e r . 
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Appendix C 
FORMULA FOR VARIANCE OF A GENERAL FUNCTION OF VARIABLES 
If Y = ^n^ ' ^ ^^ ^^y function, then 
Y + A Y = f (x^ + A • • • • ' \ + A 
where ^ d otes a small change in Y and x^. 
Applying the generalised Taylor's expansion to the right 
hand side of the above equation, 
Y + AY = f (x^, x^, . . . . , x^) + + A x 2 f : A x ^ ^ ) 
1 2 n 
+ terms involving higher differentials 
The terms involving higher differentials can be ignored since the 
variation is so small that they are negligible compared with the terms 
involving only first differentials. 
Then, 
df df df . 
Taking variances, V, on both sides, 
V(Y) = V(x^) 4- vcx^) + V(x^) 
.df df 
n 
dx^ dx2 
df df 
dx, dx 1 n 
df 
+ ^ cov(x^, x^) + 
+ cov(x X ) + dx;, dx 2 n 2 n 
n-1 
, ^ X.) 
j = l ^ i,j = l 1 J 
i ^ j 
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The terms involving covariances vanish if the covariances 
are zero, i.e. if x^, x^ x^ are mutually independent. 
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Appendix D 
DERIVATION OF VARIANCE OF BENEFIT-COST RATIO WHEN CASH 
FLOWS ARE PERFECTLY CORRELATED (/= = 1) 
Given 
B 
C 
R, R. R 
+ .... + n 
( x M ) (1+i)' ( 1 + i ) " / (1+i) (l+i)2 
. . + 
(1+i)^ 
1 2 
and let C = + ^ + .... + 
(1+i) (1+i)^ 
n 
(1+i)" 
, then 
Var(J) = 
C(l+i) 
• V(Rj^) + 
1 
C(l+i)' 
• V(R2) + 
+ 
C(l+i) 
n 
V(R^) 
+ 2 
C(l+i) C(l+i)' 
COV(RJ^, R^) + 
+ 2 
C(l+i) C(l+i) 
n-1 
cov(R. , R^ .) + 2 
i n- i 
1 
C(l+i) C(l+i)' 
cov(R, R ) + + 2 
1, n 
C(l+i)^ 
+ 2 
C(l+i)' 
1 
C(l+i) 
n 
. COV(R2, R^) + 
+ 2 
C(l+i) 
n-1 
1 
C(l+i) 
n 
where V(R.) is the variance of R^ and cov(Rj, R^^) represents the covariance 
of R. and R, (j / k). 
J ^ 
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Assuming R^ and R^ are perfectly correlated (i.e,/^ = 1), 
cov(R., R^) = S(R.).S(R^). 
where S (R^) and S(R^) = y/v(Rj^) 
Substituting S(Rj).S(R^) for cov(R., R^), and expanding and 
re-grouping the terms on the right hand side, the variance of B/C ratio 
becomes 
Var(B/C) = 
S(R^) 
C(l+i) 
S ( R p SCR^) + J + 
C(l+i) C(H-i) C(l+i) 
n 
S(R2) 
C(l+i)' 
S(R ) S(R ) 
+ J + 
C(l+i) C(l+i) 
+ r + 
c(l+i) 
n-l 
C(l+i) 
n 
+ 
+ 
C(l+i) 
n-l 
S(R^) SCR^) 
+ : 
C(l+i) C(l+i)' C(l+i) 
n 
+ 
S(R^) 
C(l+i) 
n 
S ( R p 
+ 
S(R2) 
C(l+i) C(l+i)' 
S(R^ ) S(R ) 
n-i , n + . . . + — + 
C(l+i) 
n 
Hence factorising, 
Var(B/C) = 
S(R, ) S(R ) 
— + T + 
C(l+i) C(l+i)^ 
+ r + 
C(l+i) 
n 
or 
n S(R..) 
j=l 
-I 2 
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Appendix E 
FINDING THE INTERNAL RATE OF RETURN USING THE PRESENT 
VALUE TABLES AND NEWTON'S APPROXIMATION METHOD 
Example: Suppose an investment project incurs an initial capital outlay 
of $20,000. It produces $10,000 of net cash flow the first year, 
$8,000 the second year, $5,000 the third year, and $4,000 the fourth 
year. What is the internal rate of return? 
Present Value Tables Method 
Year Net cash flow 
Discounting at 15% Discounting at 16% 
Discounting 
factor 
Present 
value 
Discounting 
factor 
Present 
value 
0 
1 
2 
3 
4 
-20,000 
10,000 
8,000 
5,000 
4,000 
0.8695652 
0.7561437 
0,6575162 
0.5717532 
0.4971767 
-17391.304 
7561,436 
5260,130 
2858.766 
1988,706 
0.8620690 
0.7431629 
0.6406577 
0.5522911 
0.4761130 
-17241,380 
7431,629 
5125,262 
2761.456 
1904.452 
Total 7,000 - 277,734 - -18.581 
Internal rate of return by interpolation: 
(277.734 X 16) + (18.581 x 15) 4722.459 
277.734 + 18.581 296.315 
Newton's Approximation Method 
The internal rate of return, r, of the above cash flow is the 
implicit function: 
10,000 ^ liOO^-u f (r) = 0 = -20,000 4- ^ T + ^ + 4 
(1+r) (1+r) (1+r) (1+r) 
Let X = (1+r) , then, 
2 3 4 f(^) = 0 = -20,000 + 10,000x + 8,000x + 5,000x + 4,000x 
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Simplifying, the function becomes 
f(x) = 0 = -20 + lOx + + + 4x^ 
Assuming the first approximation a^ = 0.8, the second approximation is 
f(ap 
a^ = a. 2 "1 f(a^) 
= 0 b - -20 + 10(0.8) + 8(0.8)^ + 5(0.8)^ + 4(0.8)^ 
10 + 16(0.8) + 15(0.8)^ + 16(0.8)^ 
= 0.86606 
where, f'(a^) = f (x) = 10 + 16x + 15x^ + 16x^ 
Similarly, the successive approximations are calculated until they 
converge as follows 
a^ = 0.862556 
a, = 0.8625457 4 
a^ = 0.8625457 
The internal rate of return, r, is given by 
r = (- - 1) X 100 
X 
= ( o T s e k s ? - = 
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Appendix F 
TOTAL HISTORICAL COSTS OF DEVELOPMENT AND PROJECTED 
COSTS OF PRODUCTION ON THE TWENTY SELECTED SCHEMES 
All cost data (rounded to the nearest one hundred dollars) are based 
on 1971 ma.cet prices, the historical costs being adjusted to allow 
for inflation at an annual rate of one percent (see Chapter 5). 
'Others' include agricultural roads, transport, tools and equipment, 
chemicals and a few unspecified items. 
'state elements' refers to survey, premium and quit rent over the 
development period. 
'Labour' refers to imputed costs of labour inputs on tapping, collection, 
manuring, application of ethrel and general maintenance. 
'Other materials' refers to tapping equipment, maintenance tools and 
processing equipment, including costs of latex collecting 
stations or group processing centres. 
'Taxes' includes export duty, replanting cess, research cess and quit 
rent over the production period. 
Fl. SERAMPANG 
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Establish- Adminis-
Year ment and 
maintenance 
tration 
& manage-
Fertili-
sers 
Pest & 
disease Others 
State 
elements Total 
ment 
1961 216.0 25.7 0.3 _ 16.5 13.6 272.1 62 142.5 25.4 0.5 0.3 12.5 19.7 201,0 63 145.9 25.1 22.0 1.6 12.4 0.8 76,6 64 113.1 24.9 16.9 5.3 5.8 0.7 64.9 
65 153.0 24.7 42.7 9.8 9.6 0.7 240.4 
66 47.6 24.4 23.7 0.3 15.5 0.7 112,3 
67 41.6 24.2 28.4 3.9 4.5 2.9 105,5 
68 25.7 23.9 17.3 2.7 14.1 2.9 86.5 
Adminis- Fertili-
sers and 
ethrel 
Year Labour tration & manage-
ment 
Other 
mate-
rials 
Market-
ing 
charges 
Taxes Total 
69 154.3 23.2 17.5 29.9 53.5 77.3 355.7 
1970 167.1 23.2 17.2 17.7 74.5 85.2 385,0 
71 168.1 23.2 23.8 17.7 76,5 87.1 396.4 
72 176.0 23.2 23.5 17.7 84.6 96,2 421.2 
73 183.8 23.2 23.1 17.7 92.3 104.5 444.7 
74 177.1 23.2 22.8 17.7 97.9 110.7 449.5 
75 185.5 23.2 22.4 17.7 102.9 116.4 468.2 
76 191.9 23.2 22.0 17.7 106.7 116.6 478.2 
77 196.1 23.2 21.6 17.7 109.3 119.3 487.3 
78 198.2 23.2 21.4 17.7 110.6 120.7 491.8 
79 185.5 23.2 21.0 19.2 102.9 112.6 464,5 
1980 201.4 23.2 20.6 19.2 112.4 122.7 499.6 
81 235.9 23.2 20.3 19.2 151.6 164.4 614.6 
82 256.4 23.2 51.1 19.2 152.9 165.7 668.6 
83 257.1 23.2 50.2 19.2 153.5 166.5 669.6 
84 244.0 - 49.2 19.2 147.2 159.7 619.3 
85 237.1 - 48.4 19.2 142.8 155.1 602.5 
86 239.5 - 47.5 19.2 144.6 157.0 607.8 
87 241.1 - 46.5 19.2 145.9 158.4 611.2 
88 241.6 - 45.6 19.2 146.6 159.0 612.1 
89 230.0 - 36.0 18.1 143.7 151.6 579.5 
1990 218.6 - 35.3 18.1 135.9 143.5 551.5 
91 233.7 - 34.6 18.1 128.8 133.9 549.0 
92 221.8 - 33.8 18.1 121.6 126.5 521.9 
93 208.7 - 32.6 18.1 113.8 118.6 491.9 
94 180.7 - - 18.1 106.6 111.3 416.8 
95 168.0 - - 18.1 98.8 103.4 388.3 
96 172.1 - - 18.1 91.7 96.2 378.0 
97 173.6 - - 18.1 84.5 88.8 365.1 
98 165.9 - - 18.1 76.7 80.9 341.7 
F2. TENANG 
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Establish-
Adminis-
Year ment and 
tration Fertili- Pest 6c 
Others 
State 
Total 
maintenance 
&. manage- sers disease elements 
ment 
1961 280.5 21 .9 _ 4 .5 14.2 321.1 
62 146.7 21.7 - - 4 .5 20.7 193,5 
63 203.5 21.5 27.1 26.1 9.9 0.7 288,8 
64 - 21.2 34.1 0 .1 13.7 0.7 69.9 
65 166.3 21 .0 28 .6 6.8 6 .0 0.7 229,5 
66 4 7 . 9 20 .8 3 .3 4 . 1 14.3 0 .8 91.2 
67 63.8 20 .6 4 . 0 3.5 52.2 3 .0 147.1 
68 12.2 20 .4 - 1.2 41 .3 3 .0 78,1 
Adminis-
Fertili-
tration 
Other Market -
Year Labour sers and mate- ing 
charges 
Taxes Total 
& manage-
ment 
ethrel rials 
69 164.7 19.8 17.9 31.2 54 .3 78.5 366.3 
1970 164.7 19.8 17.7 12.3 68,7 79,1 362,3 
71 173.4 19.8 24.5 12.3 75.0 85.7 390.7 
72 183.3 19,8 24.1 12.3 83,6 95.2 418.3 
73 188.7 19.8 23.7 12.3 91.0 103,3 438.7 
74 194.3 19.8 23 .3 12.3 97.6 110.6 457.9 
75 185.0 19.8 22 .9 12.3 102.2 115.7 457,8 
76 191.6 19.8 22.5 12.3 106.2 116.1 468,6 
77 196.1 19.8 22 .3 12.3 108.8 119,0 478.2 
78 199.4 19.8 21.9 12.3 110.9 121.1 485.4 
79 181.5 19.8 21.5 12.9 100.2 109.8 445.7 
1980 192.7 19.8 21.1 12.9 106.9 116.8 470.1 
81 229.3 19.8 20.7 12.9 146.7 159.3 588.6 
82 250.3 19.8 52 .3 12.9 148.0 160.7 644.1 
83 250.9 19.8 51 .3 12.9 148.6 161.4 645.0 
84 238.1 - 50.4 12.9 142.7 155.1 599.2 
85 232.0 - 49 .4 12.9 138.7 150.8 583.7 
86 234.5 - 48.5 12.9 140.7 152.9 589.6 
87 236.1 - 47.5 12.9 142.0 154.4 592.9 
88 237.8 - 46 .5 12.9 143.4 155.8 596.2 
89 225.6 - 36.6 12.4 140.1 148.0 562.6 
1990 242.0 - 35.9 12.4 133.2 140.9 564.5 
91 230.6 - 35.1 12.4 126.4 131.6 536.1 
92 218 .0 - 34.4 12.4 118.9 124.0 507.6 
93 206.6 - 33.6 12.4 112.0 117.0 481.7 
94 177.5 _ - 12.4 104.5 109.3 403.8 
95 183.2 _ - 12.4 97.7 102.4 395.7 
96 177.3 - - 12.4 90.9 95.5 376.1 
97 171.7 _ - 12.4 83.4 87,7 355.2 
98 165.8 - - 12.4 76.5 80.8 335,5 
F3. PERCHA 
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Establish-
Adminis-
Year ment and 
maintenance 
tration 
& manage-
Fertili-
sers 
Pest & 
disease 
Others 
State 
element s 
Total 
ment 
1961 184.7 24.7 7.5 4,1 24.3 245. 3 
62 121.9 24.5 11.2 5.5 4.1 15.1 182,2 
63 2.6 24.2 18.1 10.4 15.0 1.4 71,7 i 
64 3.1 24.1 12.7 25.8 5.3 1,3 72,4 
65 56.6 23.7 31.6 2.9 5.4 1.3 121.5 
66 43.6 23.6 32.0 27.9 8.4 1.3 136,8 
67 39.5 23.3 25.3 3.7 4.8 5.2 101,9 
68 240.8 23.0 16.4 0.6 46,6 5.1 332.5 
Adminis-
Year Labour 
tration 
6c manage-
ment 
Fertili-
sers and 
ethrel 
Other 
mate-
rials 
Market-
ing 
charges 
Taxes Total 
69 134.7 22.4 17.0 18.1 46.6 69.9 308.6 
1970 145.9 22.4 16.7 13.0 50,9 61.2 310,0 
71 148.5 22.4 23,2 13.0 60.5 71.7 339.2 
72 149.2 22.4 22.9 13.0 67.8 79.8 355.0 
73 154.2 22.4 22,6 13.0 74.0 86.7 372.8 
74 164.0 22.4 22.3 13.0 79.1 92.2 392.9 
75 166.5 22,4 21.9 13.0 83.6 97.2 404.6 
76 157.5 22.4 21.6 13.0 87.0 97.8 399.2 
77 161.2 22.4 21.3 13.0 89.2 100.2 407.3 
78 164.0 22.4 21.0 13.0 91.0 102.0 413.3 
79 163.4 22.4 20.7 13.8 81.9 92.3 394.5 
1980 166.4 22.4 20.4 13.8 83.6 94.2 400.7 
81 183.6 22.4 20.0 13.8 117.0 129.7 486.5 
82 204.6 22.4 50.5 13.8 118.7 131.5 541.5 
83 205.9 22.4 49.8 13.8 119.8 132.7 544.4 
84 195. 9 - 48.9 13.8 115.3 127 .9 501.8 
85 213.7 - 48.1 13.8 111.9 124.3 511.7 
86 192.8 - 47 .4 13.8 113.6 126.1 493.6 
87 192.5 - 46.5 13.8 113.6 126.1 492.5 
88 195.5 - 45.7 13.8 115.8 128.5 499.3 
89 208.7 - 36.1 13,1 113.4 122.5 493.9 
1990 198. 9 - 35.5 13.1 107.6 116.4 471.5 
91 189.1 - 34.8 13.1 101.8 108.6 447.5 
92 180.2 - 34.2 13.1 96.6 103.3 427.4 
93 170.5 - 33.5 13.1 90.7 97.4 405.3 
94 159.1 - - 13.1 84.9 91.4 348.6 
95 155.4 - - 13.1 79.7 86.1 334.3 
96 151.9 - - 13.1 73.9 80.2 319.1 
97 147.2 - - 13.1 68.1 74.3 302.7 
98 144.4 - - 13.1 62,8 69.0 289.4 
F4, L.B.J. 
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Establish- Adminis- Fertili-Year ment and tration Pest &C Others State Total 
maintenance &. manage-ment 
sers disease elements 
L96L 227.6 22.3 3.2 24.0 277.1 
62 150.2 22.0 - - 3.7 20.1 195.9 
63 966.0 21.8 38.8 8.6 4.9 1.3 1041.^ 
64 88.8 21.6 15.7 15.6 9.7 1.3 152.8 
65 99.1 21.4 25.6 16.3 6.8 1.3 170.5 
66 70.3 21.1 0.3 7.3 6.0 1.3 106,4 
67 54.7 21.0 18.0 5.2 6.1 5.1 110.2 
68 5.7 20.8 - - 25.8 5.1 57.4 
Adminis- Fertili-tration 
&. manage-
ment 
Other Market-
Year Labour sers and 
ethrel 
mate-
rials 
ing 
charges 
Taxes Total 
69 116.8 20.2 14.5 27.1 37.8 57.6 274.0 
1970 148.5 20.2 14.3 11.0 62.3 74.0 330.2 
71 150.3 20.2 19,8 11.0 61.3 72.6 335.1 
72 150.6 20.2 19.4 11.0 68.6 80.6 350.3 
73 155.3 20.2 19.2 11.0 74.7 87.3 367.7 
74 160.1 20.2 18.9 11.0 80.3 87.6 378.0 
75 152.5 20.2 18.7 11.0 84.2 97 .8 384.4 
76 158.2 20.2 18.5 11.0 87.6 98.2 393.7 
77 162.9 20.2 18.4 11.0 90.4 101.3 404.0 
78 164.7 20.2 18.2 11.0 91.4 102.4 408.0 
79 157.1 20.2 18.0 11.5 78.6 88.7 374.2 
1980 161.0 20.2 17.9 11.5 89.2 100.0 399.8 
81 186.9 20.2 17.7 11.5 119.3 132.2 487.7 
82 205.3 20.2 45.5 11.5 120.5 133.3 536.3 
83 205.8 20.2 44.9 11.5 121.0 133.9 537.3 
84 195.9 - 44.3 11.5 116.5 129.2 497.3 
85 190.7 - 43.7 11.5 113.2 125.6 484.7 
86 192.9 - 43.1 11.5 114.9 127.4 489.7 
87 194.2 - 42.5 11.5 115.9 128.6 492.7 
88 195.6 - 41.9 11.5 117.1 129.8 495.9 
89 209.1 - 33.0 11.1 114.8 123.8 491.8 
1990 199.4 - 32.5 11.1 109.1 117.9 469.9 
91 189.8 - 32.0 11.1 103.3 110.1 446.3 
92 180.2 - 31.4 11.1 97.6 104.2 424.4 
93 170.6 - 30.9 11.1 91.8 98.4 402.8 
94 161.1 - - 11.1 86.1 92.6 350.9 
95 156.5 - - 11.1 80.4 86.8 334.7 
96 153.3 _ - 11.1 74.6 80.9 319.8 
97 148.8 - - 11.1 68.9 75.0 303.8 
98 145.1 - — 11.1 63.1 69.2 288.5 
F5. AWAH 
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Establish- Adminis-
Year ment and tration Fertili- Pest & Others State Total 
maintenance 6c manage-ment 
sers disease elements 
1 9 6 1 1 8 3 . 4 3 0 . 0 1 . 8 
. 
5 . 2 2 7 , 9 2 4 8 . 2 
6 2 1 2 1 . 0 2 9 . 7 2 . 6 0 . 8 5 . 1 2 4 , 0 1 8 3 , 2 
6 3 7 9 . 4 2 9 . 4 7 . 7 4 . 1 8 . 6 1 , 5 1 3 0 . 7 
6 4 - 2 9 . 1 1 1 . 8 4 . 4 2 4 . 6 1 , 5 7 1 , 4 
6 5 - 2 8 . 8 1 6 , 3 6 . 9 1 9 . 7 1 , 5 7 3 , 2 
6 6 3 8 . 8 2 8 . 5 1 0 . 0 2 . 1 1 2 . 8 1 . 5 9 3 . 8 
6 7 6 0 , 2 2 8 . 3 3 . 8 2 . 3 1 7 . 3 6 . 0 1 1 7 . 7 
6 8 3 5 . 2 2 8 . 0 0 , 7 4 . 0 3 9 . 8 5 , 9 1 1 3 . 5 
Admini s- Fertili-tration 
& manage-
ment 
Other Market-
Year Labour sers and 
ethrel 
mate-
rials 
ing 
charges 
Taxes Total 
6 9 1 1 4 . 2 2 7 . 2 1 6 . 8 2 3 . 9 3 6 , 2 5 6 . 1 2 7 4 . 4 
1 9 7 0 1 6 8 . 6 2 7 . 2 1 6 . 6 1 6 . 8 6 5 . 1 7 7 . 8 3 7 2 , 0 
7 1 1 7 0 . 8 2 7 . 2 2 3 . 0 1 6 . 8 6 4 . 1 7 6 . 5 3 7 8 . 3 
7 2 1 6 8 . 0 2 7 . 2 2 2 . 6 1 6 . 8 7 2 . 6 8 5 . 8 3 9 2 . 9 
7 3 1 7 5 . 0 2 7 . 2 2 2 . 3 1 6 . 8 7 9 . 7 9 3 . 6 4 1 4 . 5 
7 4 1 7 8 . 0 2 7 , 2 2 1 . 9 1 6 . 8 8 5 . 6 1 0 0 . 1 4 2 9 . 5 
7 5 1 8 1 . 4 2 7 . 2 2 1 . 5 1 6 . 8 9 0 . 7 1 0 5 . 8 4 4 3 . 3 
7 6 1 8 8 . 6 2 7 . 2 2 1 . 2 1 6 . 8 9 4 , 6 1 0 6 . 6 4 5 5 . 0 
7 7 1 9 3 . 4 2 7 . 2 2 0 . 8 1 6 . 8 9 7 . 2 1 0 9 . 3 4 6 4 . 6 
7 8 1 7 9 . 5 2 7 . 2 2 0 . 4 1 6 . 8 9 9 , 1 1 1 1 . 4 4 5 4 . 3 
7 9 1 7 0 . 8 2 7 . 2 2 0 . 1 1 8 . 8 7 3 . 9 8 4 . 5 3 9 5 . 2 
1 9 8 0 1 8 0 . 5 2 7 , 2 1 9 . 7 1 8 . 8 8 6 . 8 9 8 . 3 4 3 1 . 2 
8 1 2 0 6 . 6 2 7 . 2 1 9 . 3 1 8 . 8 1 1 5 . 3 1 2 8 . 8 
5 1 6 . 0 
8 2 2 2 8 . 8 2 7 . 2 4 8 . 7 1 8 . 8 1 1 7 . 2 1 3 1 . 4 
5 7 2 . 1 
8 3 2 3 0 . 6 2 7 . 2 4 7 . 7 1 8 . 8 1 1 9 . 2 1 3 2 . 8 
5 7 6 . 4 
8 4 2 1 0 . 4 
- 4 6 . 8 1 8 . 8 1 0 9 . 5 1 2 2 . 5 5 0 7 . 9 
8 5 2 1 4 . 4 - 4 5 . 8 1 8 . 8 
1 1 2 . 1 1 2 5 . 2 5 1 6 . 3 
8 6 2 1 7 . 3 
- 4 5 . 0 1 8 . 8 1 1 4 . 1 1 2 7 . 3 5 2 2 . 4 
8 7 2 1 9 . 1 
_ 4 4 . 0 1 8 . 8 1 1 5 . 3 1 2 8 . 7 5 2 5 . 9 
8 8 2 2 1 . 0 
_ 4 3 . 1 1 8 . 8 1 1 6 . 6 1 3 0 . 1 5 2 9 . 6 
8 9 2 0 9 . 8 
- 3 3 . 9 1 7 . 5 1 1 4 . 1 1 2 3 . 9 
4 9 9 . 2 
1 9 9 0 2 0 0 . 7 
_ 3 3 . 2 1 7 . 5 1 0 8 . 7 1 1 8 . 4 4 7 8 . 5 
9 1 1 9 1 . 7 
- 3 2 . 4 1 7 . 5 1 0 3 . 4 
1 1 0 . 9 4 5 6 . 0 
9 2 1 9 9 . 5 
_ 3 1 , 7 1 7 . 5 9 8 . 1 1 0 5 . 5 4 5 2 . 3 
9 3 1 9 6 . 2 3 1 . 0 1 7 . 5 
9 2 . 7 1 0 0 . 1 4 3 7 . 5 
9 4 1 7 8 . 1 
_ - 1 7 . 5 8 6 . 7 9 4 . 0 3 7 6 . 3 
9 5 1 6 7 . 6 
_ - 1 7 . 5 8 1 . 4 8 8 . 5 3 5 5 . 1 
9 6 
9 7 
9 8 
1 6 4 . 7 
1 6 2 . 7 
1 6 3 . 2 -
-
1 7 . 5 
1 7 . 5 
1 7 . 5 
7 6 . 0 
7 0 . 7 
6 5 . 4 
8 3 . 1 
7 7 . 7 
7 2 . 2 
3 4 1 . 4 
3 2 8 . 6 
3 1 8 . 3 
F6. GEDANGSA 
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Establish-
Adminis-
Year ment and tration Fertili- Pest & Others 
State 
Total 
maintenance 
& manage-
ment 
sers disease elements 
1961 220.0 19.7 2.3 3.3 23.5 268.8 
62 145.2 19.5 3.4 0.1 3.3 20.8 192.3 1 
63 96.5 19.3 12.6 3.3 12.3 1.3 145.3 
64 108.0 19.1 15,9 7.8 17.2 1.3 72.2 
65 200.0 18. 9 14,8 19.5 9.0 1.3 433.1 
66 117,7 18.7 20.3 4.0 18.3 1.3 180.2 
67 75.1 18.5 21.8 5.7 5.9 5.0 132 ,0 
68 39.3 18.3 8.7 3,1 36.8 5.0 111.1 
Adminis-
tration 
& manage-
ment 
Fertili- Other Market-
Year Labour sers and 
ethrel 
mate-
rials 
ing 
charges 
Taxes Total 
69 81.5 17.8 13.1 23.6 25 .2 40.0 201.2 
1970 120.8 17.8 12.9 13.0 39.3 48.4 252.1 
71 136.1 17.8 17.8 13.0 45.9 55.5 286.1 
72 141.4 17.8 17.5 13.0 53.1 63.4 306.2 
73 143.7 17.8 17.2 13.0 58.5 69.3 319.5 
74 141.7 17.8 17.0 13.0 61.3 72.4 323.1 
75 144.1 17.8 16.6 13.0 62,3 73.6 327.4 
76 141.7 17.8 16.3 13.0 61.3 70.1 320.2 
77 142.4 17 .8 16.0 13.0 58.0 66.7 313.8 
78 163.2 17.8 15.7 13.0 53.1 61.3 324.1 
79 134.7 17.8 15.4 13.9 50.3 58.5 2 90.5 
1980 138.7 17.8 15.1 13.9 56.3 64.9 306.6 
81 151.4 17.8 14.8 13.9 83.6 94.0 375.5 
82 168.7 17.8 18.1 13.9 85.9 96.3 400.6 
83 169.2 17.8 17.7 13.9 86.4 97.0 401.9 
84 158.6 - 17.3 13.9 82.0 92.2 364.1 
85 164.8 - 16.9 13.9 77.7 87.6 360.9 
86 163.5 - 16.6 13,9 77.1 87.0 358.0 
87 166.6 - 16.2 13,9 76.0 85.9 358.5 
88 161.1 - 15.8 13.9 73.2 83.0 347.0 
89 160.8 - 9.2 13.2 72.0 79.4 334.7 
1990 154. 9 - 9,0 13.2 69.2 76.5 322.9 
91 154.6 - 8,8 13.2 65.8 71.9 
314.3 
92 148.5 - 8.5 13.2 63.0 
69.0 302.2 
93 148.9 - 8,3 13.2 59.7 65.5 295.6 
94 131.1 - - 13.2 56.8 
62.7 263.8 
95 133.5 - - 13.2 53.5 
59.3 259.5 
96 139.9 -
- 13.2 50.7 56.4 260.1 
97 131.0 -
- 13.2 47.3 52. 9 244.3 
98 129.8 
13.2 44.5 50.1 237.6 
F7. LABU 
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Establish-
Adminis-
State Year ment and 
tration 
Fertilisers Others Total 
maintenance 
& manage-
ment 
element s 
1959 231.6 11.7 10. 7 0.1 19.0 273.1 
60 118.4 11.7 16. 7 16.1 11.8 174.6 
61 171.6 11.5 18. 0 27.0 9.0 237,1 
62 168.1 11.4 25. 5 9.1 6.1 220,2 
63 72.2 11.3 13. 1 12.2 6.0 114,7 
64 63.9 11.2 24. 7 2.4 23,7 125.9 
65 - 11.1 31.0 8.5 5.9 56,5 
66 - 11.0 21. 2 4.9 5.8 42, 9 
Adminis-
Fertili-
tration 
& manage-
ment 
Other Market-
Year Labour sers and 
ethrel 
mate-
rials 
ing 
charges 
Taxes Total 
67 121.8 10.4 18.8 20.2 39.1 48.1 258,4 
68 164.5 10.4 18.5 19.0 57.3 68.0 337.8 
69 156.6 10.4 18.3 19.0 58.5 89.5 352.3 
1970 148.4 10.4 18.1 19.0 47.3 59.4 302,5 
71 166.8 10.4 17.8 19.0 75.9 89.3 379.1 
72 172.2 10.4 17.5 19.0 82.8 96.8 398.8 
73 176.7 10.4 17.3 19.0 88.4 103.1 414.9 
74 183.6 10.4 17.1 19.0 92.2 107.1 429.4 
75 171.5 10.4 16.8 19.0 94.7 110.0 422.4 
76 172.6 10.4 23.2 19.0 95.3 107.1 427.7 
77 174.6 10.4 23.0 20.2 84.0 95.2 407.3 
78 183.6 10.4 22.6 20.2 92.2 103.8 432.8 
79 205.5 10.4 22.2 20.2 131.0 145.2 534.6 
1980 235.2 10.4 56.2 20.2 120.4 133.9 576.3 
81 230.3 10.4 55.2 20.2 134.2 148.6 598.9 
82 217.3 - 54.3 20.2 127.9 141.9 561.6 
83 237.0 - 53.4 20.2 124.1 137.9 572.7 
84 213.9 - 52.6 20.2 126.0 139.9 552.6 
85 215.4 - 51.6 20.2 127.2 141.3 555.7 
86 216.0 - 50.7 20.2 127.9 141.9 556.7 
87 230.5 - 40.1 19.4 125.2 135.3 550.4 
88 220.6 - 39.4 19.4 119.4 129.2 527.9 
89 209.8 - 38.6 19.4 112.9 122.5 503.3 
1990 199.0 - 37.9 19.4 106.5 115.8 478.5 
91 189.2 _ 37.2 19.4 100.7 108.1 454.5 
92 176.6 - - 19.4 94.2 101.4 391.6 
93 172.4 - - 19.4 88.4 95.5 375.7 
94 168.5 - - 19.4 82.0 89.0 358.8 
95 163.4 - - 19.4 75.5 
82.4 340.7 
96 160.2 — 19.4 69.7 
76.5 325.8 
F8. PANCHANG 
432 
Establish-
Adminis-
Year ment and tration Fertilisers Others 
State 
Total 
maintenance 
6t manage-
ment 
element s 
1961 158.5 6.5 1 .9 0.1 9.8 176,8 
62 146.9 6.5 16 .0 3.9 3.4 176.7 
63 65.4 6.4 10 .2 7.3 3,4 92.7 
64 64.6 6.3 14 .5 3.4 9.1 97.9 
65 16.7 6.3 10.5 3.7 3.3 40,5 
66 1.2 6.2 23 . 9 6.8 3.3 41.4 
67 - 6.2 22 .8 3.4 3.3 35.6 
68 - 6.1 14 . 1 0.6 3.2 24,0 
Adminis-
tration 
& manage-
ment 
Fertili- Other Market-
Year Labour sers and 
ethrel 
mate-
rials 
ing 
charges 
Taxes Total 
69 53.8 5.9 10.7 8.4 16.7 26.4 121.8 
1970 88.0 5.9 10.5 7.2 30.5 36.9 179.0 
71 89.4 5.9 10.4 7.2 33.4 40.0 186.2 
72 95. 9 5.9 10.3 7.2 39.1 46.3 204.6 
73 96.8 5.9 10.1 7.2 44.1 51.8 215.8 
74 100.5 5.9 9.9 7.2 48.4 56.5 228.3 
75 102.1 5.9 9.8 7.2 51.2 59.6 235.9 
76 97.3 5.9 13.6 7.2 53.7 60.4 238.1 
77 99.1 5.9 13.4 7.2 54.8 61.6 241.9 
78 100.3 5.9 13.2 7.2 55.5 62.3 244.3 
79 101.1 5.9 13.0 7.7 46.2 52.4 226.4 
1980 104.1 5.9 12.8 7.7 52.3 58.9 241.7 
81 118.1 5.9 12.6 7.7 75.4 83.5 303.3 
82 131.9 5.9 31.9 7.7 76.8 85.0 339.2 
83 133.3 5.9 31.3 7.7 77.9 86.2 342.3 
84 125.9 - 30.8 7.7 74.3 82.4 321.1 
85 122.1 - 30.3 7.7 71.9 79.8 311.7 
86 123.4 - 29.8 7.7 72. 9 80.9 314.7 
87 124.3 - 29.3 7.7 73.6 81.6 316.5 
88 124.6 - 28.8 7.7 74.0 82.0 317.0 
89 133.1 - 22.8 7.2 72.5 
78.2 313.8 
1990 126.9 - 22.3 7.2 68.8 74.4 299.7 
91 120.8 - 21.9 7.2 65.2 
69.5 284.6 
92 115.3 - 21.5 7.2 61.9 
66.1 272.0 
93 109.2 - 21.1 7.2 58.2 
62.4 258.0 
94 102.1 -
- 7.2 54.5 58.7 222.5 
95 
96 
97 
98 
99.2 
97.0 
94.2 
91.7 -
-
7.2 
7.2 
7.2 
7.2 
50.9 
47.2 
43.6 
39.9 
54.9 
51.2 
47.5 
43.8 
212.2 
202.7 
192.5 
182.6 
F9. GERBANG 
433 
Year 
Establish-
ment and 
maintenance 
Adminis-
tration 
6c manage-
ment 
Fertilisers Others 
State 
element s 
Total 
1960 120.5 4.7 1. 3 0.2 25.5 152,3 
61 105.9 4.6 8. 4 6.6 1.1 126.5 ; 
62 30.7 4.6 - 0.6 1.1 36.9 
63 56.8 4.5 0. 9 5.0 1,1 68,3 
64 79.5 4.5 0,8 6.1 1.1 20.4 
65 10.0 4.4 0. 4 2.2 1.1 18.1 
66 0.6 4.4 - - 3,2 8,2 
67 0.2 4.4 10. 7 12.7 3.1 31.0 
Year Labour 
Adminis-
tration 
6c manage-
ment 
Fertili-
sers and 
ethrel 
Other 
mate-
rials 
Market-
ing 
charges 
Taxes Total 
68 47.3 4.2 10.3 15,1 19.7 18.8 115.3 
69 67.9 4.2 10.1 13.3 29.7 33.5 158.8 
1970 84.2 4.2 10.0 14.0 37.2 33.7 183.2 
71 84.4 4.2 9.9 14.4 43.6 37,8 194.2 
72 85.4 4.2 9.7 14,6 47.8 41,2 203.0 
73 89.3 4.2 9.6 14.8 50.2 43.1 211.1 
74 90.8 4.2 9.5 14.8 51.2 43.8 214.3 
75 89.3 4.2 9.3 14.8 50.2 43.1 210,8 
76 85.4 4.2 12.9 10.4 34.6 39.9 187.4 
77 83.6 4.2 12.7 10.4 31.2 36.3 178.4 
78 90.9 4.2 12.6 11.1 30.8 35.9 185.6 
79 90.3 4.2 12.3 11.1 33.9 39.2 191.1 
1980 97.5 4.2 12.1 11.1 47.0 53.1 225.0 
81 107.8 4.2 30.7 11.1 48.3 54.5 256.7 
82 109.5 4.2 30.2 11.1 49.3 55.6 260.0 
83 107.8 - 29.7 11.1 47 .6 53.8 250.0 
84 104.3 - 29.2 11.1 45.9 52.0 242.5 
85 103.4 - 28.7 11.1 45.6 51.6 240.5 
86 101.3 - 28.2 11.1 44.6 49.0 234.2 
87 102.2 - 27.7 11.1 42.8 48.7 232.6 
88 98.0 - 21.9 10.5 42.3 46.9 219.6 
89 98.4 - 21.5 10.5 40.6 45.1 216.1 
1990 99.5 - 21.1 10.5 38.8 43.2 213.2 
91 95.5 - 20.7 10.5 37.0 40.7 204.5 
92 92.2 - 20.3 10.5 35.6 39.3 198,0 
93 84.6 - - 10.5 33.9 37.5 166.5 
94 80.4 - - 10.5 32.1 35.7 158.7 
95 84.0 - - 10.5 30.3 33.9 158.8 
96 79.3 - - 10.5 28.6 32.1 150.5 
97 78.5 — - 10.5 26.8 30.3 146.2 
FlO. MENDERANG 
434 
Establish-
Adminis-
Year ment and 
tration 
Fertilisers Others 
State 
Total 
maintenance 
& manage-
ment 
element s 
1960 31.3 5.6 19 .9 47.1 103.9 
61 139.0 5.5 60 .5 7.7 1.3 214,0 
62 14.0 5.4 42.7 2.3 1.3 65.8 
63 10.5 5.4 8 .6 6.0 1.3 31.8 
64 2.0 5.3 4.4 2.2 1.3 15.2 
65 0.8 5.3 5 .7 21.3 1.3 34.3 
66 0.1 5.2 0 .8 1.0 3.8 10.9 
67 - 5.2 0 .2 3.1 3.7 12.2 
Admini s-
tration 
& manage-
ment 
Fertili- Other Market-
Year Labour sers and 
ethrel 
mate-
rials 
ing 
charges 
Taxes Total 
68 49.3 5.0 12.2 18.8 20.0 19.6 125.0 
69 72.7 5.0 12.1 15.3 31.4 35.8 172.2 
1970 92.6 5.0 11.9 16.0 40.6 37.1 203.2 
71 102.7 5.0 11.8 16.5 47.9 41.9 225.8 
72 102.5 5.0 11.6 16.8 53.0 45.9 234.8 
73 108.5 5.0 11.4 17.0 56.4 48.6 247.0 
74 102.6 5.0 11.3 17.1 57.5 49.5 243.0 
75 108.5 5.0 11.1 17.0 56.4 48.6 246.7 
76 102.5 5.0 15.4 12.2 38.3 44.5 218.0 
77 102.7 5.0 15.1 12.2 34.7 40.6 210.3 
78 104.9 5.0 14.9 13.0 35.5 41.5 214.9 
79 104.5 5.0 14.7 13.0 39.2 45.4 221.8 
1980 118.0 5.0 14.5 13.0 59.2 66.7 276.2 
81 134.3 5.0 36.5 13.0 60.8 68.4 318.1 
82 124.7 5.0 35.9 13.0 61.6 69.3 309.6 
83 127.1 - 35.3 13.0 58.3 65.8 299.6 
84 125.8 - 34.7 13.0 55.5 62.8 291.8 
85 124.7 - 34.2 13.0 55.1 62.3 289.4 
86 122.3 - 33.6 13.0 53.9 61.0 283.9 
87 123.4 - 33.0 13.0 51.8 58.9 280.1 
88 118.3 - 26.1 12.4 51.2 56.7 264.8 
89 118.9 - 25.6 12.4 49.1 54.5 260.5 
1990 114.3 - 25.1 12.4 47.0 52.3 251.2 
91 115.5 - 24.7 12.4 44.9 49.3 246.8 
92 110.7 - 24.2 12.4 42.8 47.2 237.4 
93 101.7 - - 12.4 40.7 45.1 199.9 
94 96.7 - - 12.4 38.6 43.0 190.7 
95 101.1 - - 12.4 36.5 40.8 190.9 
96 95.5 - - 12.4 34.4 38.6 181.0 
97 94.6 — - 12.4 32.3 36.5 175.9 
FLl. DUA 
435 
Establish-
Adminis-
Year ment and 
tration 
Fertilisers Others 
State 
Total 
maintenance 
& manage-
ment 
elements 
1959 46.5 4.1 3 1 . 4 0.1 7.1 61.2 
60 84.0 4.1 2 .9 2.5 2.2 95.6 
61 11.5 4.0 4 .0 6.2 2.1 27.8 
62 19.6 4.0 8 .3 4.9 2.1 38.9 
63 40.8 3.9 6 .1 7.0 2.1 59.9 
64 13.9 3.9 11 .9 11.2 5.4 46.2 
65 5.0 3.9 7 .0 6.3 2.1 24.2 
66 2.9 3.8 8 .5 2.4 2.0 19.7 
67 - 3.8 4 .7 2.5 2.0 12.9 
Admini s-
tration 
&c manage-
ment 
Fertili- Other Market-
Year Labour sers and 
ethrel 
mate-
rials 
ing 
charges 
Taxes Total 
68 33.2 3.6 6.6 9.5 14.0 13.1 80.0 
69 44.6 3.6 6.5 6.1 19.5 22.0 102.4 
1970 53.3 3.6 6.4 6.5 24.8 22.4 117.1 
71 55.6 3.6 6.3 6.8 28.8 24.9 125.9 
72 56.1 3.6 6.2 7.0 31.5 27.0 131.4 
73 59.0 3.6 6.1 7.1 33.3 28.5 137.7 
74 56.3 3.6 6.1 7.1 33.6 28.8 135.4 
75 58.5 3.6 6.0 7.1 33.0 28.2 136.4 
76 56.1 3.6 5.9 4.3 22.8 26.2 118.8 
77 55.0 3.6 8.1 4.3 20.6 23.9 115.5 
78 53.9 3.6 8.0 4.6 20.2 23.4 113.8 
79 58.3 3.6 7.9 4.6 21.9 25.3 121.6 
1980 60.3 3.6 7.8 4.6 33. 3 37.4 147.0 
81 68.9 3.6 19.6 4.6 33.9 38.1 168.5 
82 69.6 3.6 19.3 4.6 34.4 38.6 170.0 
83 70.3 - 19.0 4.6 32.4 36.5 162.7 
84 67.3 - 18.6 4.6 30.9 34.8 156.3 
85 69.0 - 18.4 4.6 30.7 34.6 157.3 
86 67.7 - 18.0 4.6 30.0 33.9 154.2 
87 65.4 - 17.7 4.6 28.9 32.7 149.4 
88 65.7 - 14.0 4.3 28.6 31.6 144.3 
89 63.4 - 13.7 4.3 27.5 30.4 139.4 
1990 63.2 - 13.4 4.3 26.1 29.0 136.1 
91 60.8 - 13.2 4.3 25.0 27.4 130.7 
92 61.4 - 13.0 4.3 23.9 26.2 128.8 
93 56.2 - - 4.3 22.5 24.9 107.9 
94 53.5 - - 4.3 21.4 23.7 103.0 
95 56.0 - - 4.3 20.3 22.6 103.2 
96 53.1 - - 4.3 19.2 21.4 98.0 
F12. PEPUYU 
436 
Establish-
Adminis-
Year ment and 
tration 
Fertilisers Others 
State 
Total 
maintenance 
& manage-
ment 
elements 
1961 164.1 4.4 3. 4 0.4 24. 1 196,4 
62 77,7 4.4 8. 0 5.3 1.1 96.,4 
63 37.7 4.3 1. 8 3.4 1.0 48.3 
64 17.7 4.3 0. 5 12.2 1,0 35.6 
65 24.9 4.2 - 0.4 1,0 30.5 
66 2 . 2 4,2 - 1.0 7.4 
67 0.6 4.1 9. 2 15.3 3.0 32.3 
68 0.1 4.1 - 7.4 3.0 14.6 
Adminis-
tration 
6c manage-
ment 
Fertili- Other Market-
Year Labour sers and 
ethrel 
mate-
rials 
ing 
charges 
Taxes Total 
69 41.3 4.0 9.8 17.4 16.9 20.2 109.6 
1970 60.1 4.0 9.6 13.6 26.0 24.1 137.5 
71 75.9 4.0 9.5 14.2 33.4 29.5 166.5 
72 84.0 4.0 9.4 14,5 39.3 34.2 185.4 
73 83.6 4.0 9.3 14.8 43.3 37.4 192.4 
74 82. 1 4.0 9.1 15.0 46.0 39.6 195.8 
75 82.8 4.0 9.0 15.0 46.5 40.0 197.3 
76 82.1 4.0 12.5 15.0 33.3 38.4 185.2 
77 83.6 4.0 12.3 10.0 31.3 36.3 177.6 
78 84.0 4.0 12.1 10.0 28.4 33.2 171.6 
79 84.8 4.0 12.0 10.8 28.7 33.5 173.7 
1980 84.4 4.0 11.8 10.8 31.7 36.6 179.2 
81 95.6 4.0 11.6 10.8 48.0 54.0 223.9 
82 108.1 4.0 29.2 10.8 49.0 55.1 256.1 
83 100.4 4.0 28.8 10.8 49.6 55.8 259.2 
84 102.3 - 28.3 10.8 47.0 53.0 241.3 
85 101.2 - 27.8 10.8 44.7 50.5 235.1 
86 100.4 - 27.4 10.8 44.4 50.2 233.1 
87 98.3 - 26.9 10.8 43.4 49.2 227.5 
88 99.3 - 26.4 10.8 41.8 47.4 225.6 
89 95.3 - 20.9 10.2 41.3 45.7 213.4 
1990 95.8 - 20.5 10.2 39.6 44.0 210.0 
91 92.2 _ 20.1 10.2 38.0 41.5 201.9 
92 93.1 - 19.7 10.2 36.3 39.8 199.2 
93 89.3 - 19.3 10.2 34.6 38.1 191.5 
94 81.4 - - 10.2 32.6 36.0 160.2 
95 77.3 _ - 10.2 30.9 34.4 152.8 
96 80. 9 _ - 10.2 29.2 32.6 152.9 
97 76.4 _ - 10.2 27.6 30.9 145.1 
98 75.7 - - 10.2 25.9 29.2 
141.0 
F13, TIMBOL 
437 
Establish- Adminis-
Year ment and tration Fertilisers Others State Total 
maintenance 6c manage-ment 
element s 
1 9 6 1 1 5 . 4 3 . 4 4 . 0 2 2 . 8 
6 2 2 7 . 0 3 . 3 1 . 3 3 . 6 5 . 8 4 1 . 1 
6 3 7 . 0 3 . 3 1 . 5 - 1 . 5 1 3 . 4 ; 
6 4 1 . 0 3 . 3 - 1 . 5 7 . 1 
6 5 
- 3 . 2 4 . : 1 3 . 1 1 . 4 1 1 . 9 
6 6 - 3 . 2 - 3 . 7 1 . 4 8 . 3 
6 7 - 3 . 2 2 . , 3 6 . 0 1 . 4 1 3 . 0 
6 8 - 3 . 1 4 . 1 3 0 . 6 1 . 4 9 . 9 
6 9 - 3 . 1 - 5 . 3 1 . 4 9 . 7 
Adminis- Fertili- Other Market-
Year Labour tration 
6c manage-
ment 
sers and 
ethrel 
mate-
rials 
ing 
charges 
Taxes Total 
1 9 7 0 2 4 . 8 3 . 0 4 . 6 4 . 6 7 . 8 1 0 . 0 5 4 . 8 
7 1 3 7 . 4 3 . 0 4 . 6 3 . 4 1 2 . 3 1 4 . 5 7 5 . 2 
7 2 3 7 . 7 3 . 0 4 . 5 3 . 4 1 4 . 1 1 6 . 9 7 9 . 5 
7 3 4 0 . 2 3 . 0 4 . 4 3 . 4 1 6 . 4 1 9 . 4 8 6 . 9 
7 4 4 2 . 0 3 . 0 4 . 4 3 . 4 1 8 . 2 2 1 . 5 9 2 . 5 
7 5 4 2 . 6 3 . 0 4 . 3 3 . 4 1 9 . 5 2 2 . 8 9 5 . 7 
7 6 4 2 . 1 3 . 0 6 . 0 3 . 4 2 0 . 2 2 2 . 9 9 7 . 7 
7 7 4 3 . 0 3 . 0 5 . 9 3 . 4 2 0 . 7 
2 3 . 4 9 9 . 4 
7 8 4 2 . 7 3 . 0 5 . 8 3 . 4 
2 0 . 5 2 3 . 2 9 8 . 7 
7 9 4 3 . 6 3 . 0 5 . 7 3 . 4 
1 9 . 9 2 2 . 6 9 8 . 2 
1 9 8 0 4 0 . 3 3 . 0 5 . 7 4 . 0 1 7 . 4 
2 0 , 0 9 0 . 4 
8 1 4 7 . 9 3 . 0 5 . 6 
4 . 0 1 9 . 5 2 2 . 1 1 0 2 . 0 
8 2 5 2 . 8 3 . 0 5 . 5 4 . 0 
2 6 . 6 2 9 . 7 1 2 1 . 5 
8 3 5 4 . 0 3 . 0 1 3 . 8 4 . 0 
2 7 . 3 3 0 . 5 1 3 2 . 7 
8 4 5 4 . 7 3 . 0 1 3 . 6 
4 . 0 2 7 . 8 3 1 . 0 1 3 4 . 1 
8 5 5 1 . 9 
- 1 3 . 4 4 . 0 2 6 . 9 3 0 . 0 1 2 6 . 1 
8 6 5 0 . 8 
- 1 3 . 1 4 . 0 2 6 . 1 2 9 . 2 1 2 3 . 2 
8 7 5 0 . 7 
- 1 2 . 9 4 . 0 2 6 . 2 2 9 . 4 1 2 3 . 2 
8 8 5 0 . 7 
- 1 2 . 7 4 . 0 2 6 . 1 2 9 . 2 1 2 2 . 6 
8 9 4 9 . 8 
-
1 2 . 5 4 . 0 2 5 . 8 
2 8 . 9 1 2 0 . 8 
1 9 9 0 4 4 . 9 
- 9 . 9 3 . 5 2 5 . 4 2 7 . 7 1 1 1 . 5 
9 1 4 2 . 5 
-
9 . 7 3 . 5 2 4 . 2 
2 5 . 9 1 0 5 . 8 
9 2 4 4 . 6 
-
9 . 5 3 . 5 2 3 . 0 
2 4 . 8 1 0 5 . 5 
9 3 4 4 . 2 
- 9 . 3 3 . 5 2 1 . 9 2 3 . 7 1 0 2 . 6 
9 4 4 3 . 8 
- 9 . 1 3 . 5 2 0 . 7 2 2 . 4 9 9 . 5 
9 5 4 1 . 6 
- - 3 . 5 1 9 . 5 2 1 . 2 8 5 . 9 
9 6 4 0 . 9 
- - 3 . 5 1 8 . 3 2 0 . 0 8 2 . 6 
9 7 4 0 . 8 
- - 3 . 5 1 7 . 2 1 8 . 8 8 0 . 3 
9 8 3 8 . 3 
— - 3 . 5 1 6 . 0 1 7 . 7 
7 5 . 5 
F14. GENTAM 
438 
Establish-
Adminis-
Year ment and 
tration 
Fertilisers Others 
State 
Total 
maintenance 
& manage-
ment 
element s 
1963 23.2 1.7 0.4 1.9 1.4 28.5 
64 7.0 1.7 0.5 0.6 2.8 12.5 
65 1.3 1.6 1.8 0.3 0.7 5.8 
66 - 1.6 - 1.6 0.7 4.0 
67 - 1.6 - - 0.7 2.3 
68 - 1.6 3.4 0.4 0.7 6.1 
69 - 1.6 3.: 7 0.2 0.7 6.2 
1970 - 1.6 1.4 0.3 0.7 3.9 
Adminis-
tration 
6c manage-
ment 
Fertili- Other Market-
Year Labour sers and 
ethrel 
mate-
rials 
ing 
charges 
Taxes Total 
71 13.8 1.5 2.3 3.5 4.4 5.4 31.1 
72 18.4 1.5 2.3 2.3 6.0 7.2 37.8 
73 19.3 1.5 2.3 2.3 7.4 8.6 41.4 
74 20.2 1.5 2.3 2.3 8.2 9.8 44.3 
75 20.6 1.5 2.2 2.3 9.2 10.5 46.4 
76 21.6 1.5 3.1 2.3 9.4 10.7 48.6 
77 20.8 1.5 3.0 2.3 9.5 10.8 48.0 
78 21.4 1.5 3.0 2.3 9.3 10.6 48.2 
79 20.6 1.5 2.9 2.3 8.9 10.2 46.5 
1980 20.0 1.5 2.9 2.3 8.1 9.4 44.3 
81 20.0 1.5 2.9 2.5 7.5 8.7 43.2. 
82 22.8 1.5 2.8 2.5 8.2 9.4 47.4 
83 24.9 1.5 2.8 2.5 12.4 13.9 58.0 
84 25.3 1.5 7.0 2.5 12.6 14.1 63.0 
85 25.5 1.5 6.9 2.5 12.7 14.3 63.5 
86 23.7 - 6.8 2.5 12.0 13.5 58.5 
87 24.8 - 6.7 2.5 11.4 12.9 58.2 
88 24.4 - 6.6 2.5 11.3 12.8 57.6 
89 24.1 - 6.4 2.5 11.1 12.5 56.7 
1990 24.0 - 6.3 2.5 10.7 12.1 55.6 
91 21.7 - 5.0 2.4 10.6 11.5 51.2 
92 21.6 - 4.9 2.4 10.1 11.0 50.0 
93 21.6 - 4.8 2.4 9.7 10.5 49.0 
94 20.7 - 4.7 2.4 9.3 10.1 47.2 
95 20.9 - 4.6 2.4 8.8 9.6 46.3 
96 19.8 _ - 2.4 8.3 9.1 39.6 
97 20.4 - - 2.4 7.9 8.7 39.3 
98 19.2 - - 2.4 7.4 8.2 37.2 
99 19.8 - - 2.4 6.9 7.7 36.8 
2000 19.4 — 2.4 6.4 7.2 35.5 
FL5. PURUN 
439 
Year 
Establish-
ment and 
maintenance 
Adminis-
tration 
& manage-
ment 
Fertilisers Others 
State 
elements 
Total 
1961 44.0 10.7 0.2 12.8 67,7 
62 91.2 10. 6 7.: 1 9.6 4.7 123.2 
63 50.3 10.5 8.2 0.2 13.0 82.2 
64 23.4 10.4 6.8 0.4 4.7 45.7 
65 - 10.3 - 3.3 4.6 18.2 
66 - 10.2 2.' 9 2.7 4.6 20.3 
67 - 10.1 9.0 47.5 4.5 71.2 
68 — 10.0 2.8 21.9 4.5 39.1 
Adminis-
tration 
& manage-
ment 
Fertili- Other Market-
Year Labour sers and 
ethrel 
mate-
rials 
ing 
charges 
Taxes Total 
69 63.0 9.7 14.8 20.0 19.0 30.8 157.3 
1970 83.5 9.7 14.6 18.8 26.4 33.5 186.4 
71 113.1 9.7 14.3 18.8 35.9 44.0 235.8 
72 127.9 9.7 14.2 18.8 43.3 52.1 266.0 
73 129.7 9.7 14.0 18.8 48.7 58.1 279.0 
74 130.5 9.7 13.8 18.8 53.1 63.0 288.8 
75 128.7 9.7 13.6 18.8 55.6 65.7 292.1 
76 130.8 9.7 18.8 18.8 56.6 64.7 299.4 
77 129.7 9.7 18.5 18.8 56.1 64.2 297.1 
78 132.7 9.7 18.2 18.8 54.2 62.1 295.7 
79 127.9 9.7 18.0 19.5 43.3 50.5 269.0 
1980 124.9 9.7 17 .7 19.5 46.8 54.2 272.8 
81 139.1 9.7 17.4 19.5 67.0 75.7 328.4 
82 154.9 9.7 44.1 19.5 69.4 78.3 375.9 
83 158.2 9.7 43.4 19.5 71.4 80.4 382.6 
84 151.6 - 42.6 19.5 69.4 78.3 361.5 
85 152.7 - 41.9 19.5 67.5 76.2 357.8 
86 153.3 - 41.3 19.5 67.9 76.8 358.8 
87 153.1 - 40.5 19.5 67.9 76.8 357.8 
88 151.0 - 39.8 19.5 67.0 75.7 353.0 
89 150.7 - 31.5 18.9 65.9 72.6 339.6 
1990 145.5 - 30.9 18.9 63.4 69.9 328.6 
91 145.2 - 30.3 18.9 60.3 65.7 320.5 
92 139.7 - 29.8 18.9 57.8 63.1 309.3 
93 140.2 - 29.2 18.9 54.7 60.1 303.1 
94 120.3 - - 18.9 52.2 57.5 248.8 
95 122.7 - - 18.9 49.2 54.4 245.1 
96 116.6 - - 18.9 46.6 51.8 233.9 
97 120.6 - - 18.9 43.6 48.7 231.8 
98 113.9 - - 18.9 41.1 46.1 220.0 
F16. BERANANG 
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Establish-
Adminis-
Year ment and tration 
& manage-
ment 
Fertilisers Others 
State 
Total 
maintenance element s 
1961 24.0 3.8 0. 9 4.6 33.3 
62 33.9 3.8 2. 4 2.9 6.2 49.1 
63 1.4 3.7 2. 5 - 1.7 9.4 
64 0.1 3.7 2. 9 - 1.7 8.4 
65 - 3.7 3. 7 1.9 1.6 10.9 
66 - 3.6 - 0.1 1.6 5.4 
67 - 3.6 1. 3 0.9 1.6 7.4 
68 3.6 2.^ 4 0.9 1.6 8.5 
Admini s-
Fertili-
sers and Year Labour 
tration 
&£ manage-
ment 
Other 
mate-
Market-
ing Taxes Total 
ethrel rials charges 
69 24.8 3.5 5.3 6.9 10.3 12.2 62.9 
1970 34.3 3.5 5.2 7.2 15.0 13.8 78.9 
71 41.3 3.5 5.1 7.4 18.2 16.1 91.6 
72 45.1 3.5 5.1 7.6 21.1 18.4 100.7 
73 46.2 3.5 5.0 7.8 24.0 20.7 107.2 
74 46.5 3.5 4.9 7.9 26.2 22.4 111.4 
75 47.0 3.5 4.9 8.1 28.1 24.0 115.5 
76 47 .0 3.5 6.7 5.8 21.4 24.4 108.8 
77 48.5 3.5 6.6 5.8 22.1 25.1 111.6 
78 49.5 3.5 6.5 5.8 22.6 25.7 113,6 
79 46.5 3.5 6.4 6.2 15.8 18.4 96.9 
1980 46.2 3.5 6.3 6.2 17.4 20.1 99,7 
81 49.5 3.5 6.2 6.2 22.6 25.7 113.7 
82 54.3 3.5 15.7 6.2 23.3 26.4 129.4 
83 55.5 3.5 15.5 6.2 24.0 27.2 131.9 
84 54.2 - 15.2 6.2 23.9 27.0 126.4 
85 53.7 - 14.9 6.2 23.7 26.8 125.4 
86 54.6 - 14.7 6.2 24.2 27.4 127 .2 
87 55.2 - 14.4 6.2 24.6 27.7 128,2 
88 53.7 - .14.2 6.2 24.7 27.9 126.8 
89 53.0 - 11.2 5.9 24.4 26,8 121,4 
1990 53.3 - 11.0 5.9 23.3 25.7 119,1 
91 51.0 - 10.8 5.9 22.2 24.1 114.1 
92 50.9 - 10.6 5.9 21.1 23.1 111.6 
93 49.0 - 10.4 5.9 20.2 22.1 107.6 
94 41.6 - - 5.9 19.1 21.0 87.7 
95 45.0 - - 5.9 18.1 19.9 88.9 
96 42.4 - - 5.9 17.0 18.8 84.2 
97 43.9 - - 5.9 15.9 17.7 83.5 
98 41.1 - — 5.9 14.8 16.6 78.4 
F17. BETING 
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Establish-
Adminis-
Year ment and 
tration 
& manage-
ment 
Fertilisers Others 
State 
Total 
maintenance elements 
1961 19.9 3.5 2.9 26.4 
62 38.2 3.5 1. 6 1.5 5.8 50,6 
63 - 3.5 3. 7 - 1.6 8.7 
64 1.6 3.4 3. 2 - 1.5 9.7 
65 - 3.4 9. 9 0.5 1.5 15.4 
66 - 3.4 - 2.1 1.5 7.0 
67 - 3.3 - - 1.5 4.8 
68 - 3.3 9. 9 0.1 1.5 14.7 
Admini s-
tration 
& manage-
ment 
Fertili- Other Market-
Year Labour sers and 
ethrel 
mate-
rials 
ing 
charges 
Taxes Total 
69 22.7 3.2 4.9 6.5 9.4 11.1 57.7 
1970 30.4 3.2 4.8 6.7 13.2 12.2 70.4 
71 39.2 3.2 4.7 7.0 17.3 15.2 86.7 
72 43.1 3.2 4.7 7.2 20.2 17.6 96.0 
73 42.8 3.2 4.6 7.3 22.3 19.2 99.4 
74 41.6 3.2 4.5 7.4 23.4 20.1 100.2 
75 42.3 3.2 4.5 7.4 23.8 20.4 101.7 
76 41.6 3.2 6.2 5.4 16.9 19.5 92.7 
77 42.8 3.2 6.1 5.4 16.1 18.6 92.2 
78 42.7 3.2 6.0 5.4 14.5 16.8 88.5 
79 43.1 3.2 6.0 6.0 14.6 17.0 90.0 
1980 42.4 3.2 5.9 6.0 15.9 18.4 91.9 
81 45.2 3.2 5.8 6.0 20.7 23.4 104.3 
82 50.0 3.2 14.6 6.0 21.5 24.3 119.5 
83 50.8 3.2 14.3 6.0 21.9 24.8 121.1 
84 48.9 - 14.1 6.0 21.5 24.3 114.8 
85 50.0 - 13.8 6.0 21.0 23.8 114.6 
86 49.6 - 13.6 6.0 20.8 23.6 113.7 
87 48.5 - 13.4 6.0 20.3 23.1 111.4 
88 47.2 - 13.1 6.0 19.7 22.4 108.4 
89 47.1 - 10.4 5.5 19.4 21.5 103.9 
1990 45.2 - 10.2 5.5 18.6 20.7 100.2 
91 43.8 - 10.0 5.5 17.9 19.6 96.8 
92 44.2 - 9.8 5.5 17.1 18.8 95.3 
93 45.7 - 9.6 5.5 16.4 18.1 95.3 
94 38.9 - - 5.5 15.6 17.3 77.2 
95 40.7 - - 5.5 14.7 16.4 77.3 
96 38.9 - - 5.5 14.1 15.8 74.2 
97 37.6 - - 5.5 13.2 14.9 
71.2 
98 36.7 - - 5.5 12.5 14.2 
69.0 
F18. RAMBUTAN 
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Establish- Adminis-
Year ment and 
maintenance 
tration 
&c manage- Fertilisers Others 
State 
elements 
Total 
ment 
1962 104.5 3.1 16.7 124.3 
63 40.7 3.1 1. 6 3.7 0.7 49.9 
64 29.4 3.1 2. 9 - 0.7 36.2 
65 9.7 3.0 2. 9 6.7 0.7 23.0 
66 5.0 3.0 4. 2 4.7 0.7 17.7 
67 3.2 3.0 3. 0 2.0 0.7 11.9 
68 0.9 3.0 5. 3 1.0 2.1 12.2 
69 0.2 2.9 - 5.3 2.1 10.6 
Adminis-
Year Labour 
tration 
Fertili-
sers and 
Other 
mate-
Market-
ing 
charges 
Taxes Total &c manage-
ment 
ethrel rials 
1970 27.7 2.9 7.0 12.1 11.1 11.2 72.0 
71 41.1 2.9 6.9 10.7 17.7 16.0 95.3 
72 52.5 2.9 6.8 11.1 23.0 20.5 116.8 
73 58.4 2.9 6.8 11.4 27.3 23.8 130,4 
74 58.4 2.9 6.7 11.6 30.2 26.2 135.8 
75 61.8 2.9 6.6 11.7 32.1 27.7 142.7 
76 58.4 2.9 9.1 9.0 23.7 27.3 130.5 
77 61.8 2.9 9.0 9.0 23.2 26.8 132.8 
78 58.4 2.9 8.8 9.0 21.8 25.3 126.2 
79 58.4 2.9 8.7 9.0 19.7 23.1 121.8 
1980 60.3 2.9 8.6 9.4 20.4 23.8 125.4 
81 60.1 2.9 8.5 9.4 22.5 26.1 129.4 
82 63.8 2.9 8.3 9.4 29.1 33.1 146.6 
83 73.9 2.9 21.0 9.4 30,3 34.3 171.7 
84 72.0 2.9 20.7 9.4 31.0 35.1 171.0 
85 72.3 - 20.3 9.4 30.3 34.3 166.6 
86 70.8 - 20.0 9.4 29.6 33.6 163.4 
87 70.2 - 19.7 9.4 29.3 33.3 161.9 
88 68.7 - 19.3 9.4 28.6 32.6 158.6 
89 69.5 - 19.0 9.4 27.7 31.6 157,1 
1990 66.4 - 15.0 8.6 27.3 30.3 147,6 
91 67.7 - 14.7 8.6 26.3 28.9 146,2 
92 65.0 - 14.5 8.6 25.1 27.6 140.7 
93 67.2 - 14.2 8.6 24.2 26.7 140.7 
94 64.2 - 13.9 8.6 22.9 25.4 135.0 
95 55.0 - - 8.6 22.0 24.4 110.0 
96 57.5 - - 8.6 20.8 23.2 110,0 
97 54.9 - - 8.6 19.8 22.2 105.5 
98 54.4 - - 8.6 18.6 21.0 102.5 
99 51.7 - - 8.6 17.6 20.0 97.9 
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F19. SAHOM 
Establish-
Adminis-
Year ment and tration 
& manage-
ment 
Fertilisers Others 
State 
Total 
maintenance element s 
1962 63.8 2.1 13.1 79.0 
63 27.2 2.1 0. 9 2.5 0.5 33. 1 
64 19.6 2.0 1. 8 - 0.5 24.0 
65 6.4 2.0 2. 1 4.5 0.5 15.6 
66 3.3 2.0 2. 8 3.1 0.5 11.7 
67 2.1 2.0 1. 2 1.4 0.5 7.1 
68 0.6 2.0 2. 3 0.7 1.4 6.9 
69 0.1 1.9 - 3.6 1.4 7.1 
Adminis-
Fertili- Other Market-
Year Labour 
tration 
& manage-
ment 
sers and 
ethrel 
mate-
rials 
ing 
charges 
Taxes Total 
1970 15.2 1.9 4.7 7.3 5.9 6.2 41.2 
71 24.3 1.9 4.6 5.6 10.3 9.5 56.2 
72 31.9 1.9 4.6 5.9 13.8 12.4 70.5-
73 37.7 1.9 4.5 6.0 16.7 14.7 81.5 
74 39.8 1.9 4.4 6.2 18.6 16,2 87.1 
75 38.5 1.9 4.4 6.3 19.9 17.3 88.2 
76 39.3 1.9 6.1 4.5 14.7 17.1 83.6 
77 38.5 1.9 6.0 4.5 14.4 16.7 82.0 
78 39.8 1.9 5.9 4.5 13.5 15.7 81.3 
79 37.7 1.9 5.8 4.5 12.1 14.2 76.2 
1980 38.5 1.9 5.7 4.9 13.0 15.2 79.3 
81 38.9 1.9 5.6 4.9 14.5 16.9 82.8 
82 43.2 1.9 5.5 4.9 18.8 21.4 95.8 
83 48.0 1.9 14.0 4.9 19.6 22.2 110.6 
84 48.9 1.9 13.8 4.9 20.0 22.7 112.2 
85 47.3 - 13.5 4.9 19.7 22.4 107.9 
86 46.3 - 13.3 4.9 19.2 21.9 105.6 
87 45.9 - 13.1 4.9 19.1 21.7 104.7 
88 46.7 - 12.9 4.9 18.6 21.2 104.4 
89 45.0 - 12.7 4.9 17.8 20.4 100.8 
1990 45.6 - 10.0 4.6 17.7 19.7 97.6 
91 44.1 - 9.8 4.6 17.1 18.7 
94.3 
92 42.2 - 9.6 4.6 16.3 17.9 
90.6 
93 43.6 - 9.5 4.6 15.6 
17 .3 90.5 
94 42.0 - 9.3 4.6 15.0 
16.6 87.4 
95 39.6 - - 4.6 
14.3 16.0 74.4 
96 37.5 - - 4.6 
13.5 15.2 70.7 
97 
98 
99 
37.6 
35.8 
33.6 
_ - 4.6 12.9 14.5 69.5 
- -
4.6 
4.6 
12.2 
11.4 
13.8 
13.0 
66.4 
62.6 
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F20. HALT 
Establish- Adminis-
Year ment and tration Fertilisers Others State Total 
maintenance & manage-ment 
element s 
1962 61.2 1.8 5.7 68.7 63 22.8 1.7 0.. 8 2.1 0.4 27.8 
64 16.5 1.7 4. 0 - 0.4 22.6 
65 5.4 1.7 2., 5 3.7 0.4 13.8 
66 2.8 1.7 2. 5 2.6 0.4 10.0 
67 1.8 1.7 2. 3 1.1 0.4 7.3 
68 0.5 1.7 3.' 4 0.6 1.2 7.3 
69 0.1 1.6 - 3.0 1.2 5.9 
Adminis-
tration Fertili- Other Market-Year Labour sers and mate- ing 
charges 
Taxes Total & manage-
ment ethrel rials 
1970 13.6 1.6 3.9 6.0 5.3 5.5 35.9 
71 21.1 1.6 3.9 6.2 9.0 8.3 50.1 
72 27.5 1.6 3.8 6.4 12.0 10.7 62.1 
73 32.4 1.6 3.8 6.6 14.3 12.6 71.3 
74 34.1 1.6 3.7 6.7 16.0 13.9 76.0 
75 33.0 1.6 3.7 6.8 17.1 14.8 76.8 
76 33.6 1.6 5.1 5.2 12.6 14.6 72.7 
77 33.0 1.6 5.0 5.2 12.3 14.3 71.4 
78 34.1 1.6 4.9 5.2 11.5 13.5 70.8 
79 32.4 1.6 4.9 5.2 10.4 12.2 66.6 
1980 32.7 1.6 4.8 5.7 11.0 12. 9 68.7 
81 33.0 1.6 4.7 5.7 12.3 14.3 71.6 
82 34.9 1.6 4.7 5.7 15.9 18.1 80.8 
83 40.5 1.6 11.8 5.7 16.5 18.8 94.9 
84 41.3 1.6 11.6 5.7 16.9 19.2 96.2 
85 40.0 - 11.4 5.7 16.7 18.9 92.6 
86 39.1 - 11.2 5.7 16.3 18.5 90.7 
87 38.7 - 11.0 5.7 16.1 18.4 89.9 
88 39.5 - 10.8 5.7 15.7 17.9 89.6 
89 38.0 - 10.6 5.7 15.1 17.3 86.6 
1990 36.6 - 8.4 5.3 15.0 16.7 82.0 
91 37.3 - 8.2 5.3 14.5 15.9 81.1 
92 36.0 - 8.1 5.3 13.9 15.3 78.6 
93 36.9 - 7.9 5.3 13.2 14.6 78.0 
94 35.6 - 7.8 5.3 12.7 14.1 75.4 
95 33.6 - - 5.3 12.2 13.5 64.5 
96 31.8 - - 5.3 11.5 12.9 61.4 
97 30.4 - - 5.3 10.9 12.3 58.9 
98 30.4 - - 5.3 10.4 11.8 57 .8 
99 28.5 
1 
5.3 9.7 11.1 54.6 
Appendix G 
TABLES 
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TABLE G2.1. AN EXAMPLE (COMMERCIAL MEAN CASH FLOWS ASSOCIATED WITH 
TENANG) SHOWING THE EFFECT OF A 5 PERCENT CONSISTENT 
CHANGE IN INPUT COSTS ON IRR 
Discounted net cash flows ($/acre) and IRR (%) 
Original estimate Original estimate plus Original estimate less 
57o input costs 5% input costs 
-243.4 -245.2 -241.9 
-161.8 -164.2 -159.7 
-218.1 -223.0 -214.0 
- 47.6 - 49.1 - 46.5 
-141.4 -146.6 -136.9 
- 50.7 - 53.0 - 48.8 
- 73.9 - 77.8 - 70.7 
- 35.4 - 37.6 - 33.7 
74.9 71.9 77.8 
76.8 75.4 78.4 
57.5 55.2 60.0 
63.1 62.0 64.3 
66.4 66.4 66.6 
67.5 68.5 66.9 
68.8 71.0 67.1 
47.7 48.3 47.3 
44.6 45.5 43.9 
41.3 42.5 40.3 
32.7 33.7 31.9 
32.2 33.5 31.1 
44.2 47.2 41.7 
34.8 36.6 33.2 
31.7 33.8 30.1 
29.3 31.7 27.4 
25.6 27.9 23.8 
23.6 25.9 21.8 
21.7 24.2 19.9 
19.9 22.2 18.1 
17.0 19.2 15.4 
13.2 14.8 12.0 
7.3 7.7 7.0 
6.1 6.4 5.8 
5.1 5.4 4.8 
5.7 6.7 5.2 
4.3 4.8 3.9 
3.4 3.8 3.1 
2.6 2.8 2.4 
1.9 2.2 1.8 
IRR (7o) 10.7 9.9 11,4 
. . . 
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TABLE G3.I.. ANALYSIS OF VARIANCE FOR CLONES IN GROUPS A, B AND 
C (TABLE 3.6): HIGH YIELDING MATERIAL 
Source of variation 
Degree 
of 
freedom 
Sum of 
square s 
Mean 
squares 
F.value 
Group A: Clones R R T M s m ST^ 
526, 527, 605, 607, 612, 
PB 5/51, Tjir I BD and 
Tjir I CS 
Due to common polynomial 
regression 
Due to individual regressions 
2 
20 
4988180 
5276555 
Differences among polynomial 
regressions 
Residual 
18 
58 
288375 
501912 
16021 
8654 
1.85 NS 
Total 76 790287 
Group B: Clones PR 107, PB 
86, RRIM 600, PB 5/63 and 
LCB 1320 
Due to common polynomial 
regression 
Due to individual regressions 
2 
10 
5351353 
5511634 
Differences among polynomial 
regressions 
Residual 
8 
32 
160281 
348780 
20035 
10899 
1.84 NS 
Total 40 509061 
Group C: Clones RRIM 603, 
623 and GT 1 
Due to common polynomial 
regression 
Due to individual regressions 
2 
6 
2299451 
2400405 
Differences among polynomial 
regressions 
Residual 
Total 
4 
14 
18 
100954 
184144 
285098 
25238 
13153 
1.92 NS 
NS - Not significant 
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TABLE G3.2('a) A N A L Y S I S OF V A R I A N C E FOR THE EIGHT CLONES USED ON THE 
SCHEMES STUDIED 
Source of v a r i a t i o n 
Degree 
of 
freedom 
Sum of 
squares 
M e a n 
squares 
F. value 
(i) R R I M 5 1 3 , 605, 607, 
Tjir 1 BD and Tjir 
I CS 
Due to c o m m o n p o l y n o m i a l 
r e g r e s s i o n 
Due to individual 
r e g r e s s i o n s 
2 
10 
2103427 
2197700 
D i f f e r e n c e among poly-
n o m i a l r e g r e s s i o n s 
R e s i d u a l 
8 
29 
94273 
333234 
11784 
11491 
1.03 NS 
Total 37 427507 
(ii) PB 86 and PR 107 
Due to common polynomial 
r e g r e s s i o n 
Due to individual 
r e g r e s s i o n s 
2 
4 
2305168 
2332976 
Difference among poly-
n o m i a l r e g r e s s i o n s 
Residual 
2 
14 
27808 
74872 
13904 
5 348 
2.60 NS 
Total 16 102680 
NS - Not s i g n i f i c a n t . 
TABLE G 3 . 2 ( b ) . INTERCEPTS BASED ON COMMON R E G R E S S I O N C O E F F I C I E N T S A N D 
L E A S T S I G N I F I C A N T D I F F E R E N C E B E T W E E N I N T E R C E P T S : 
CLONES USED ON THE S C H E M E S 
Intercepts based on common r e g r e s s i o n c o e f f i c i e n t s 
L . S . D . 
( P < 0 . 0 5 ) 
RRIM 513 R R I M 605 RRIM 607 Tiir 1 BD Tiir 1 CS 
579 568 351 310 275 104 
PR 107 PB 86 
265 190 
68 
L S D - Least significant difference b e t w e e n any two m e a n s . 
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TABLE G3.3(a). ANALYSIS OF VARIANCE FOR OLD PLANTING MATERIALS: ESTATE 
SURVEY DATA FOR 1 - 10 YEAR PERIOD 
Source of variation 
Degree 
of 
freedom 
Sum of 
squares 
Mean 
squares F. value 
Due to common polynomial 
regression 2 1761164 
Due to individual 
regressions 10 1829945 
Difference among poly-
nomial regressions 8 68781 8598 1.38 NS 
Residual 35 217698 6220 
Total 43 286479 
NS - Not significant. 
TABLE G3.3(b). INTERCEPTS BASED ON COMMON REGRESSION COEFFICIENTS AND 
LEAST SIGNIFICANT DIFFERENCE BETWEEN INTERCEPTS: ESTATE 
SURVEY DATA FOR I - 10 YEAR PERIOD 
Intercepts based on common regression coefficients L.S.D. (P<0.05) 
GL 1 PB 25 Pil.B 84 Mixed 
407 140 -7 221 73 
L.S.D. - Least significant difference between any two means. 
TABLE G3.4. ANALYSIS OF VARIANCE: A COMPARISON OF HIGH-YIELDING CLONES 
AND OLD PLANTING MATERIALS FOR I - 10 YEAR PERIOD 
Source of variation 
Degree 
of 
freedom 
Sum of 
squares 
Mean 
squares F. value 
Due to common polynomial 2 3836689 
regression 
Due to individual 20 4027645 regressions 
Difference among poly- 18 190955 10609 1.23 NS 
nomial regressions 
Residual 64 550932 8608 
Total 82 741887 
NS - Not significant 
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TABLE G3.5. ANALYSIS OF VARIANCE OF POOLED MEAN YIELDS OF ALL OLD PLANT-
ING MATERIALS: ESTATE SURVEY DATA FOR II - 20 YEAR PERIOD 
Source of variation 
Degree 
of 
freedom 
Sum of 
squares 
Mean 
squares F. value 
Due to polynomial 
regression 2 311336 155668 133 
Due to linear regre-
ssion 1 299260 299260 
Due to x2 1 12076 12076 10" 
Residual 7 8202 1172 
Total 9 319538 
^Significant at the five percent level. 
"**Significant at the 0.1 percent level. 
TABLE G3.6. ANALYSIS OF VARIANCE FOR OLD PLANTING MATERIALS: ESTATE 
SURVEY DATA FOR 1 - 1 0 AND 11 - 20 YEAR PERIODS 
Source of variation 
Degree 
of 
freedom 
Sum of 
squares 
Mean 
squares F. value 
Due to common linear 
regression 
Due to individual 
regressions 
1 
4 
426081 
440573 
Difference among linear 
regressions 
Residual 
3 
32 
14492 
305504 
4830 
9547 
0.51 NS 
Pool residual 
Difference among 
intercepts 
35 
3 
319996 
45272 
9142 
15091 1.65 NS 
Due to overall linear 
regression 
Overall residual 
1 
38 
638489 
365268 
Total 39 1003757 
NS - Not significant 
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TABLE G3.7ra) ANALYSIS OF VARIANCE FOR OLD PLANTING MATERIALS: ESTATE 
SURVEY DATA FOR 21 - 30 YEAR PERIOD 
Source of variation 
Degree 
of 
freedom 
Sum of 
squares 
Mean 
squares 
F . value 
(i) In respect of Tjir 1 
B D , Pil.B84, mixed 
clones, PB 8 6 , PBIG/ 
CS and AV 49 
Due to common polynomial 
regression 1 456656 
Due to individual 
regressions 6 499871 
Difference among poly-
nomial regressions 
5 43515 8703 1.65 NS 
Residual 44 231964 5272 
Total 49 275479 
(ii) In respect of GL 1, 
S 24 and A V 256 
Due to common polynomial 
regression 
1 8265 
Due to individual 
regressions 
3 85 92 
Difference among poly-
nomial regressions 
2 327 164 0.01 NS 
Residual 22 324805 147 64 
Total 24 325132 
NS - Not significant. 
TABLE G 3 . 7 ( b ) . INTERCEPTS BASED ON COMMON REGRESSION COEFFICIENTS AND 
LEAST SIGNIFICANT DIFFERENCE BETWEEN INTERCEPTS: ESTATE 
SURVEY DATA FOR 2L - 30 YEAR PERIOD 
Intercepts based on common regression coefficients 
PB 86 PBIG Mixed 
2002 1881 1880 
GL 1 S 24 A V 256 
887 709 692 
A V 49 
1848 
Pil.B 84 Tiir 1 BD 
1670 1595 
L.S.D. - Least significant difference between any two means, 
L.S.D. 
(P< 0.05) 
76 
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TABLE G3.8. PLANTED AREAS AND AVERAGE YIELDS IN 11-20 YEAR PERIOD FOR CLONES 
FIELDS WITHIN THE SAME ESTATES 
IN DIFFERENT 
Estate and clone 
Area 
planted 
(acre) 
Annual yield (lb per acre) 
11 
year 
12 
year 
13 
year 
14 
year 
15 
year 
16 
year 
17 
year 
18 
year 
19 
year 
20 
year 
Estate A (Tiir I BD) 
Field Al 78 1196 1307 1487 1514 1700 1101 1302 1243 816 625 
Field A2 75 1065 1035 1074 1166 1362 906 1167 1164 709 509 
Field A3 87 883 902 1029 1041 1027 870 932 781 711 687 
Field A4 93 891 944 1041 1054 1058 881 891 857 725 477 
Field A5 95 920 829 945 1055 955 1168 7 93 649 726 654 
Field A6 84 996 920 1099 1014 889 1103 715 651 687 611 
Estate B (Tiir 1 BD) 
Field Bl 37 1064 1143 1113 1001 1178 1139 1093 1144 904 810 
Field B2 83 930 944 1240 1060 871 1115 1073 1060 970 769 
Estate C (PB 86) 
Field Cl 25 767 751 732 1047 1011 1087 1475 1547 1757 1620 
Field C2 30 7 34 545 495 562 713 729 913 1163 1388 1533 
Field D fPil.B 84) 
Field Dl 91 866 896 1205 1028 1069 1230 1223 1179 985 810 
Field D2 92 908 870 1064 1019 1086 1330 1177 1051 1020 796 
Field D3 103 814 801 955 1007 1307 1068 904 926 737 677 
Field D4 51 888 825 1095 991 1068 935 1002 1128 1147 916 
Field D5 94 7 38 772 891 942 1004 920 903 875 817 824 
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TABLE G3.9. REGRESSIONS OF YIELD (Y) ON AGE OF TAPPING IN 11-20 YEAR PERIOD FOR CLONES PLANTED 
IN DIFFERENT FIELDS WITHIN THE SAME ESTATES 
Estate and clone a Regression equation Degree of freedom 
R2 
(7o) 
Level of 
significance 
Estate A (Tiir 1 BD) 
Field Al -4071 + 779.8X - 27.31X^ 
20.37X^ 
7 82 P < 0.01 
Field A2 -3025 + 587.2X - 7 68 P <0.05 
Field A3 -1008 + 284.4X - 10.12x2 
14.94x2 
11.65x2 
7 84 P < 0.01 
Field A4 -1940 + 421.5X - 7 93 P < 0.001 
Field A5 -1348 + 329.9X - 7 58 P < 0 . 0 5 
Field A6 - 179 + 192.OX - 7 76X2 7 71 P < 0 . 0 5 
Common regression 
coefficient 432.4X - 15.36x2 
Estate B (Tiir 1 BD) 
Field B1 - 776 + 268.3X - 9.35X2 7 66 P < 0.05 
Field B2 -1123 + 296.4X - 9.93x2 7 60 P < 0 . 0 5 
Common regression, 
coefficient 282.3X 
- 9.64X2 
Estate C CPB 86) 
Field CI 254 - 7. IX + 4.17x2 
21.28x2 
7 91 P < 0.001 
Field C2 4170 - 553.5X -f 7 97 P < 0.001 
Estate D (Pil.B 84) 
Field D1 -2988 + 534.6X - 17.10x2 7 70 P <0.05 
Field D2 -2867 + 516.6X - 16.53x2 7 69 P < 0.05 
Field D3 -3332 + 583.6X -
5.48x2 
7 71 P < 0.05 
Field D4 - 513 + 185.4X - 7 34 NSb 
Field D5 -1358 + 292.2X - 9.27x2 7 80 P < 0,01 
Common regression 
coefficient 422.4X 
- 13,53x2 
^Common regression coefficients are not calculated for Estate C because the coefficients of regression bet-
ween Field CI and Field C2 are statistically different (see Table G3.10 for this and results pertaining to 
Estates A, B and D). 
^Not significant. 
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TABLE G3.]n. ANALYSIS OF VARIANCE FOR CLONES PLANTED IN DIFFERENT 
FIELDS WITHIN THE SAME ESTATES 
Source of variation 
Degree 
of 
freedom 
Sum of 
squares 
Mean 
squares 
F. value 
Estate A (Tiir I BD^ 
Due to common polynomial 
regt ,-ssion 
Due to individual poly-
nomial regressions 
2 
12 
1691124 
1906251 
Differences among poly-
nomial regressions 
Residual 
10 
42 
215127 
592633 
21513 
14110 
1.52 NS 
Pooled residual 
Difference among intercepts 
52 
5 
807760 
1036137 
155 34 
207227 
-k-k-k 
13. 34 
Due to overall polynomial 
regression 
Overall residual 
2 
57 
1691144 
1843897 
Total 59 3535041 
Estate B (Tiir 1 BD) 
Due to common polynomial 
regression 
Due to individual polynomial 
regressions 
2 
4 
143156 
147540 
Differences among poly-
nomial regressions 
Residual 
2 
14 
4384 
142978 
2192 
10213 
0.21 NS 
Pooled residual 
Difference among intercepts 
16 
1 
147362 
15513 
9210 
15513 1.68 NS 
Due to overall polynomial 
regression 
Overall residual 
2 
17 
143157 
162875 
Total 19 306032 
Estate C CPB 86) 
Due to common polynomial 
regression 
Due to individual polynomial 
regressions 
2 
4 
2317060 
2407215 
Differences among polynomial 
regressions 
Residual 
2 
14 
90155 
150406 
45077 
10743 
4.20" 
Total 16 240561 
(cont'd) 
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Source of variation 
Degree 
of 
freedom 
Sum. of 
squares 
Mean 
squares F. value 
Estate D (Pil.B 84) 
Due to common polynomial 
regression 2 487025 
Due to individual poly-
nomi 1 regressions 10 598484 
Differences among poly-
nomial regressions 8 111459 13932 1. 62 NS 
Residual 35 300499 8586 
Pooled residual 43 411958 9580 
19 Difference among intercepts 4 237335 59334 6. 
Due to overall polynomial 
regression 2 487037 
Overall regression 47 649293 
Total 49 1136330 
NS denotes the differences between regression coefficients, or the 
differences between intercepts, are not significant. 
" denote the differences are significant at the 5 percent level. 
•ki!ic denote the differences are significant at the 0.1 percent level. 
TABLE G3.11. INTERCEPTS OF ESTIMATED EQUATIONS WITH COMMON REGRESSION 
COEFFICIENTS FOR CLONES PLANTED IN DIFFERENT FIELDS 
WITHIN THE SAME ESTATES AND LEAST SIGNIFICANT 
DIFFERENCE BETWEEN INTERCEPTS 
Intercepts based on common regression coefficients 
1 
L.S.D. 
(P < 0.05) 
Estate A (Tiir 1 ED) 
Field Al Field A2 Field A3 Field A4 Field A5 Field A6 
-1657 -1870 -2000 -2004 -2016 -2017 106 
Estate D (Pil.B 84) 
Field Dl Field D2 Field D3 Field D4 Field D5 
-2137 -2154 -2266 -2186 -2317 88 
L.S.D. - Least significant difference between any two means. 
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TABLE G3.I2. RELATIONSHIPS BETWEEN YIELDS IN 11-20 YEARS (Y. ) 
AND YIELDS IN I-IO YEARS (Y^) 
Scheme Regression 
F.L.D.A. 
Serampang V l O = ^260 + 0.454Y. 
Tenang V l O = 
Percha Y. = 1080 + 0.454Y. i+IO 1 
L.B.J, = 1110 + 0.454Y. 1+10 1 
Awah = 900 + 0.454Y. i+lU 1 
Gedangsa V i o = + 
State 
Labu ^i+10 " ^ 0.454Y. 
Panchang Y. ,,„ = 1090 + 0.454Y. 1+10 1 
Gerbang Y. ,,_ = 712 + 0.454Y. 1+10 1 
Menderang Y. ,, „ = 712 + 0.454Y. 1+10 1 
Dua Y. , = 712 + 0.454Y. 1+10 1 
Pepuyu Y . , = 712 + 0.454Y. 1+10 1 
Fringe 
Timbol 
Gentam V l O - " 2 + 0.454Y. 
Purun Y. = 712 + 0.454Y. 1+10 1 
Beranang Y = 712 + 0.454Y. 1+10 1 
Beting V l O = 712 + 0.454Y. 
Rambutan V l 0 = 712 + 0.454Y. 
Sahom Y = 712 + 0.454Y. 1+10 1 
Halt Y. , = 712 + 0.454Y, 1+10 1 
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TABLE G3.13. CORRECTION FACTORS TO ALLOW FOR THE EXPECTED RELATIVE 
SUPERIORITY IN YIELD RESULTING FROM ETHREL AS 
COMPARED TO CONVENTIONAL STIMULANTS^ 
Scheme 13th year 
14th 
year 
15th 
year 
16th 
year 
17 th 
year 
F.L.D.A. 
Serau.pang 1.33 1.29 1.26 1.19 1.13 
Tenang 1.33 1.29 1.26 1.19 1.13 
Percha 1.33 1.29 1,26 1.19 1.13 
L.B.J. 1.33 1.29 1.26 1.19 1.13 
Awah 1.33 1.29 1.26 1.19 1.13 
Cedangsa 1.40 1.36 1.32 1.23 1.16 
State 
Labu 1.40 1.36 1.32 1.23 1.16 
Panchang 1.40 1.36 1.32 1.23 1.16 
Gerbang 1.28 1.25 1.23 1.16 1.11 
Menderang 1.40 1.36 1.32 1.23 1.16 
Dua 1.40 1.36 1.32 1.23 1.16 
Pepuyu 1.40 1.36 1.32 1.23 1.16 
Fringe 
Timbol 1.30 1,27 1.24 1.17 1.12 
Gentam 1.40 1.36 1.32 1.23 1.16 
Purun 1.30 1.27 1.24 1.17 1.12 
Beranang 1.23 1.20 1.18 1.13 1.09 
Beting 1.20 1.18 1.16 1.11 1.08 
Rambutan 1.20 1.18 1.16 1.11 1.08 
Sahom 1.20 1.18 1.16 1.11 1.08 
Halt 1.20 1.18 1.16 1.11 1.08 
'The proportion for the first year was based on current experimental 
results. It was assumed that relative yield superiority of ethrel 
over conventional stimulants declined by 10 percent each year during 
the first two years of application, 30 percent in the 16th and 17th 
years and remained constant (at the level of the 17th year) there-
after up to the 20th year. 
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TABLE G4.1. ANNUAL MEAN PRICES FOR RSS 1, 2 AND 3 (F.O.B.) AND THEIR 
STANDARD DEVIATIONS 
1950 - 1970 
Year 
RSS 1 (ct/lb) RSS 2 ( :ct/lb) RSS 3 (ct/lb) 
Mean s.d. Mean s.d. Mean s.d. 
1950 108.2 52.8 106.2 52.0 104.3 51.2 
1951 169.6 31.9 163.3 30. 3 156.8 28.1 
1952 96.1 19.7 92.2 20.3 88.4 21.0 
1953 67.4 8.4 65.2 7.1 62.6 6.6 
1954 67.3 10.3 66.8 10.3 65.7 10.2 
1955 114.2 21.0 110.9 19.4 108.4 19.0 
1956 96.8 10.1 94.5 10.3 93.5 10.0 
1957 88.8 5.7 87.1 5.8 84.7 6.0 
1958 80.2 5.1 77.7 5.5 74.3 7.1 
1959 101.6 12.3 100.3 12.1 99.4 11.6 
1960 108.1 14.3 106.7 13.6 104,9 12.8 
1961 83.5 17.7 82 .8 19.3 81.8 20.6 
1962 78.2 2.2 77.4 2.7 75.8 2.9 
1963 72.4 4.7 71.9 4.4 70.6 3.7 
1964 68.1 2.4 67.9 2.5 67.2 2.4 
1965 70.0 3.0 69.6 3.1 68.6 3.0 
1966 65.4 3.8 64.7 3.7 63.9 3.6 
1967 54.2 3.5 52.9 4.5 51.6 4.8 
1968 52.9 4.3 51.9 4.8 51.2 5.2 
1969 69.7 6.0 69.1 5.9 68.4 5.9 
1970 56.6 6.8 55.2 7.1 54.3 7.2 
Source: Computed from daily prices issued by Malaysian Rubber Exchange, 
Cooper Brothers 6t Co. , Kuala Lumpur. 
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TABLE G4.2. WORLD PRODUCTION AND CONSUMPTION OF ELASTOMERS, 
1960 - 70 
Year 
World production World consumption 
Natural 
rubber 
('000 m . 
tons) 
Synthetic 
rubber 
('000 m . 
tons) 
Natural 
rubber 
('000 m . 
tons) 
Synthet ic 
rubber 
('000 m. 
tons) 
Share of 
Natural 
(%) 
1960 2015.0 1935.0 2097.5 1850.0 53 
1961 2125.0 2037.5 2162.5 1975.0 52 
1962 2152.5 2307.5 2257.5 2237.5 50 
1963 2100.0 2522.5 2265.0 2437.5 48 
1964 2270.0 2885.0 2290.0 2825.5 45 
1965 2380.0 3097.5 2422.5 3072.5 44 
1966 2437.5 3430.0 2590.0 3360.0 44 
1967 2487.5 3515.0 2500.0 3447.5 42 
1968 2632,5 4052.5 2847.5 3982.5 42 
1969 2885.0 4575.0 2982.5 4455.0 40 
1970 2912.5 4850.0 2915.0 4577.5 39 
Sources: (a) International Rubber Study Group, Rubber Statistical 
Bulletin, various issues, 
(b) Rubber Research Institute of Malaya, unpublished estimates. 
TABLE G5.1. PROPORTIONS OF TAPPING EQUIPMENT IN DIFFERENT AGE GROUPS, 
1968 
I t e m 
Amount in 
1-10 years^ 
(unit/acre/year) 
Proportion (7o)^ in 
11-20 
years 
21-30 
years 
Tapping knives 0.72 112 115 
Sharpening stone, rough 0.38 110 116 
Sharpening stone, smooth 0.61 111 116 
Cup scrapers 0.26 100 108 
Latex cups 14.14 103 81 
Buckets 0.62 108 94 
Latex containers 0.17 200 123 
Cup hangers 24.64 95 80 
Spout s 42.74 99 96 
Scrap bags 0.61 75 64 
^Tools for maintenance, bicycles, bicycle tyres and bicycle tubes are not 
^shown here since they did not appear to vary with age of tapping, 
'of amounts in '1-10 years' group. 
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TABLE G6.1. PROPORTIONS OF IMPORT DUTIES IN WEST MALAYSIA, I964-I970 
Year 
Total 
import 
duties (7o)^  
Proportion of import duties from a) 
Food Beverages & tobaccob 
Crude 
materials*^ 
Manufac-
tured goods 
Unclassi-
fied 
1964 12.4 7.6 45.9 13.6 6.0 26.7 
1965 12.4 7.2 44.2 13.9 6.2 28.3 
1966 11.8 9.5 40.2 14.3 5.7 30.2 
1967 13.6 12.0 37.2 18.1 5.8 26.9 
1968 13.9 11.7 35.7 17.9 6.4 28.2 
1969 14.6 12.3 35.5 16.9 7.0 28.2 
1970 13.2 12.2 33.9 17.1 6.8 30.0 
Total 13.2 10.6 38.5 16.2 6.3 28.4 
As a proportion of total imports. Import duties from 'chemicals' and 
some manufactured goods are not available. 
About 80 percent were from 'tobacco, cigars and cigarettes'. 
About 60 percent were from petrol alone. 
Source: Malaysia, Monthly Statistical Bulletin of West Malaysia, 
Department of Statistics, Kuala Lumpur, February, 1971-
TABLE G6.2. PROPORTIONS OF EXPORT DUTIES IN WEST MALAYSIA, 1964-1970 
Year 
Total 
export 
duties (7o)^  
Proportion of export duties from (%) 
Rubber Tin and tin-in-ore Iron ore 
Bauxite and 
other minerals Other 
1964 6.9 36.2 50.3 9.6 0.3 3.6 
1965 7.4 34.2 51.4 8.9 0.7 4.8 
1966 6.9 31.8 54.6 7.0 1.4 5.1 
1967 6.5 23.4 60.2 6.7 1.4 8.3 
1968 6.0 25.6 57.4 6.5 1.2 9.2 
1969 6.6 41.3 44.6 5.2 0.9 7.9 
1970 6.9 44.2 42.4 4.1 0.9 8.4 
Total 6.7 34.8 50.7 6.7 1.0 6.8 
As a proportion of total exports. 
Source: As for Table G6.1. 
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TABLE G6.3. TENANG: AN EXAMPLE SHOWING THE BREAKDOWN OF COST ITEMS AND 
THEIR VALUATION IN SOCIAL VALUE TERMS ($/ACRE) 
Year^ Cost item 
Cost component'^ Total 
market 
value 
Total 
social 
value'^ Wage Salary Profit Foreign exchange Tax 
Establish-
ment 6c ma-
intenance 
1 154.65 0.91 3.63 42.02 1.79 203.00 86.20 
2 103,07 0.61 2.42 28.01 1.19 135.30 57.40 
3 146.72 0.87 3.45 39.87 1,69 192,60 81.80 
Adminis-
tration 6c 
management 
1 0 20.30 0 0 0 20,30 18.30 
2 0 20.30 0 0 0 20.30 18.30 
23 0 20.30 0 0 0 20.30 18.30 
Manuring 
3 1.89 0.51 1.03 20.12 2.05 25.60 21.80 
4 2.06 0.65 1.13 26.47 2.29 32.60 28.40 
5 1.72 0.55 0,94 22.37 2.02 27.60 24.00 
6 0.20 0.06 0.11 2.59 0.24 3.20 2.80 
7 0.20 0.08 0.11 3.11 0.40 3.90 3.30 
8 0.89 0.37 0.50 13.40 3.14 18.30 14.30 
9 0.88 0.36 0.50 13.25 3.11 18.10 14.20 
10 1.22 0.50 0.69 18.38 4.31 25.10 19.70 
11 1.21 0.49 0.68 18.08 4.24 24.70 19.30 
12 1.19 0.49 0.67 17.78 4.17 24.30 19.00 
13 1.17 0.48 0.65 17.50 4.10 23.90 18.70 
14 1.15 0.47 0.64 17.21 4.03 23.50 18.40 
15 1.13 0.46 0.63 16.91 3.97 23.10 18.10 
16 1.11 0.46 0.62 16.69 3.92 22.80 17.80 
17 1.09 0.45 0.61 16,40 3.85 22.40 17.50 
18 1.07 0.44 0.60 16.11 3.78 22,00 17.20 
19 1.05 0.43 0.59 15.81 3.72 21,60 16.90 
20 1.03 0.42 0.58 15.53 3.64 21,20 16,60 
21 1.27 0.52 0.72 19.11 4.48 26.10 20,40 
22 1.25 0.51 0.70 18.74 4.40 25,60 20,00 
23 1.22 0.50 0.69 18.38 4.31 25,10 19.70 
24 1.20 0.49 0.68 18.01 4.22 24,60 19.30 
25 1.18 0.48 0.66 17.72 4.16 24,20 18.90 
26 1.16 0.47 0.65 17.35 4.07 23,70 18.50 
27 1.14 0.46 0.64 16.98 3.98 23.20 18.20 
28 0.66 0.27 0.37 9.96 2.34 13,60 10.60 
29 0.65 0.27 0.37 9.81 2.30 13.40 10.50 
30 0.64 0.26 0.36 9.59 2.25 13.10 10.20 
31 0.62 0.26 0.35 9.37 2.20 12.80 10.00 
32 0.61 0.25 0.34 9.15 2.15 12.50 9.80 
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table G6.3 (cont'd) 
Year Cost item 
Cost component 
Total 
market 
value 
Total 
social 
value 
Wage Salary Profit Foreign 
exchange 
Tax 
Nursery'^ 
1 
9 
- - - - - 3.20 2.90 
• . : - 2.10 1. 90 
5 - -
• 
_ 4.40 4.00 
Pest & 
disease 
3 22,09 0 0.05 2,45 0.11 24.70 8,30 
4 0.09 0 0 0,01 0 0.10 0.03 
5 5.91 0 0.01 0.65 0.03 6.60 2.20 
6 3.57 0 0.01 0.40 0,02 4.00 1.30 
7 3.04 0 0.01 0.34 0,01 3.40 1.10 
8 1.07 0 0 0.12 0.01 1.20 0.40 
Agri.road 
7 4.87 0.04 0.19 3.07 0.13 8.30 4.50 
8 0,35 0.01 0.01 0.22 0.01 0.60 0.30 
Transport 
1 1.00 0 0.80 1.80 0.40 4.00 2.60 
2 1.00 0 0.80 1.80 0.40 4.00 2.60 
8 1.00 0 0.80 1.80 0.40 4.00 2.60 
Tools & 
chemicals 
1 0.05 0 0.01 0.13 0.01 0.20 0.10 
2 0.05 0 0.01 0.13 0.01 0.20 0,10 
3 1.24 0.08 0.32 3.60 0.16 5.40 4.20 
4 2.08 0.13 0.55 6.07 0.27 9.10 7.10 
5 0.41 0.03 0. 11 1.20 0.05 1.80 1.40 
6 2.27 0.14 0.59 6.60 0.30 9.90 7.70 
7 8. 95 0.55 2.35 26.08 1.17 39.10 30.70 
8 8.36 0.51 2.19 24.34 1.10 36.50 28.60 
Survey 
1 0 18.60 0 0 0 18.60 16.70 
Collecting 
Stat ion 
9 6.31 0.23 0.77 11.75 0.34 19.40 14.20 
Tapping 
equipment 
9 0.39 0 0.19 9.01 0.61 10.20 9.20 
18 0.39 0 0.19 9.01 0.61 10.20 9.20 
19 0.41 0 0.21 9.54 0.64 10.80 9.80 
28 0.41 0 0.21 9.54 0.64 10.80 9.80 
29 0.39 0 0.20 9,10 0.61 10. 30 9.30 
38 0.39 
0 0.20 9.10 0.61 10.30 9.30 
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TABLE G 6 . 3 (cont 'd ) 
Year Cost item 
Cost component 
Total 
market 
value 
Total 
social 
value Wage Salary Profit 
Foreign 
exchange 
Tax 
Maintenance 
equipment 
9 0 . 0 9 0 0 . 0 5 2 . 12 0 . 14 2 . 4 0 2 . 2 0 
10 0 . 0 9 0 0 , 05 2 . 12 0 . 14 2 . 4 0 2 . 2 0 
38 0 . 0 9 0 0 . 0 5 2 . 1 2 0 . 14 2 . 4 0 2 . 2 0 
Ethrel 
22 1 .65 0 0 . 8 3 24 . 61 0 . 41 2 7 . 5 0 2 5 . 6 0 
23 1 . 62 0 0 . 8 1 24 . 16 0 . 41 2 7 . 0 0 2 5 . 2 0 
24 1 . 5 9 0 0 . 7 9 23 . 72 0 . 4 0 26 . 50 2 4 . 7 0 
25 1 . 56 0 0 . 7 8 23 .27 0 . 3 9 2 6 . 0 0 2 4 . 2 0 
26 1 . 5 3 0 0 . 77 22 .82 0 . 3 8 2 5 . 5 0 2 3 . 8 0 
27 1 . 4 9 0 0 . 75 22 . 38 0 . 38 25 . 00 2 3 . 3 0 
28 1 . 46 0 0 . 7 3 21 .84 0 . 37 24 . 40 22 . 80 
29 1 . 43 0 0 . 72 2 1 . 3 9 0 . 3 6 2 3 . 9 0 2 2 . 3 0 
30 1 . 4 0 0 0 . 7 0 20 . 95 0 .35 23 . 40 21 . 80 
31 1 .37 0 0 . 6 9 2 0 . 5 0 0 . 34 22 . 90 2 1 . 4 0 
32 1 .34 0 0 .67 20 .05 0 . 34 22 . 40 20 . 90 
33 1 .31 0 0 . 6 6 19 .60 0 . 3 3 21 . 90 2 0 . 4 0 
Tapping 
labour 
9 154 . 80 0 0 0 0 154 .80 4 0 . 7 0 
10 154 . 90 0 0 0 0 154 .90 4 0 . 7 0 
11 163 . 80 0 0 0 0 163 .80 4 3 . 1 0 
12 173 . 90 0 0 0 0 173 .90 4 5 . 7 0 
13 179 . 40 0 0 0 0 179 .40 4 7 . 2 0 
14 185 . 20 0 0 0 0 185 .20 4 8 . 7 0 
15 175 . 60 0 0 0 0 175 .60 4 6 . 2 0 
16 182 . 40 0 0 0 0 182 .40 4 8 . 0 0 
17 187 . 00 0 0 0 0 187 .00 4 9 . 2 0 
18 190 . 40 0 0 0 0 190 .40 5 0 . 1 0 
19 1 7 2 . 1 0 0 0 0 0 172 .10 4 5 . 3 0 
20 183 . 50 0 0 0 0 183 .50 4 8 . 3 0 
21 2 2 1 . 0 0 0 0 0 0 221 .00 58 . 10 
22 2 2 3 . 0 0 0 0 0 0 223 . 00 5 8 . 6 0 
23 2 2 4 . 0 0 0 0 0 0 224 . 00 5 8 . 9 0 
24 2 1 5 . 0 0 0 0 0 0 215 .00 5 6 . 5 0 
25 2 0 9 . 0 0 0 0 0 0 209 . 00 5 5 . 0 0 
26 2 1 2 . 0 0 0 0 0 0 212 .00 5 5 , 7 0 
27 2 1 4 . 0 0 0 0 0 0 214 .00 5 6 . 3 0 
28 2 1 6 . 0 0 0 0 0 0 216 .00 5 6 . 8 0 
29 2 0 5 . 0 0 0 0 0 0 2 05 . 00 5 3 . 9 0 
30 2 2 2 . 3 0 0 0 0 0 222 . 30 5 8 . 5 0 
31 2 1 0 . 9 0 0 0 0 0 2 10 . 90 55 . 50 
32 198 . 40 0 0 0 0 198 .40 5 2 . 2 0 
33 187 . 00 0 0 0 0 187 .00 4 9 . 2 0 
34 174 . 40 0 0 0 0 174 .40 4 5 . 9 0 
35 180 . 20 0 0 0 0 180 .20 47 .40 
36 174 . 20 0 0 0 0 174 . 20 4 5 . 8 0 
37 168 . 40 0 0 0 0 168 . 40 4 4 . 3 0 
38 162 . 40 0 0 0 0 1 62 . 40 4 2 . 7 0 
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TABLE G 6 . 3 ( cont ' d ) 
Year Cost item 
Cost component 
Total 
market 
value 
Total 
social 
value Wage Salary Profit 
Foreign 
exchange 
Tax 
Maintenance 
labour 
5 1 5 6 . 1 0 0 0 0 0 156 . 10 4 1 . 1 0 
6 4 6 . 7 0 0 0 0 0 4 6 . 7 0 12 . 30 
7 6 2 . 8 0 0 0 0 0 6 2 . 8 0 16 . 50 
8 1 2 . 1 0 0 0 0 0 12 . 10 3 . 2 0 
9 1 3 . 9 0 0 0 0 0 1 3 . 9 0 3 . 6 0 
21 13. 90 0 0 0 0 13 . 90 3 . 6 0 
22 3 3 . 5 0 0 0 0 0 3 3 . 5 0 8 . 8 0 
23 3 3 . 1 0 0 0 0 0 3 3 . 1 0 8 . 7 0 
24 2 9 . 0 0 0 0 0 0 2 9 . 0 0 7 . 6 0 
25 2 8 . 7 0 0 0 0 0 2 8 . 7 0 7 . 5 0 
26 2 8 . 3 0 0 0 0 0 2 8 . 3 0 7 . 4 0 
27 2 7 . 9 0 0 0 0 0 2 7 . 9 0 7 . 3 0 
28 2 7 . 6 0 0 0 0 0 2 7 . 6 0 7 . 2 0 
29 26 . 10 0 0 0 0 2 6 . 1 0 6 . 9 0 
30 2 5 . 7 0 0 0 0 0 2 5 . 7 0 6 . 7 0 
31 2 5 . 4 0 0 0 0 0 2 5 . 4 0 6 . 7 0 
32 2 5 . 0 0 0 0 0 0 2 5 . 0 0 6 . 6 0 
33 2 4 . 7 0 0 0 0 0 2 4 . 7 0 6 . 5 0 
34 7 . 5 0 0 0 0 0 7 . 5 0 2 . 0 0 
38 7 . 5 0 0 0 0 0 7 . 5 0 2 . 0 0 
Marketing 
charges 
9 2 9 . 1 9 1 . 3 9 0 2 4 . 4 6 0 . 5 6 5 5 . 6 0 3 3 . 4 0 
10 3 6 . 9 6 1 . 7 6 0 30 . 98 0 . 7 0 7 0 . 4 0 4 2 . 3 0 
11 40 . 32 1 .92 0 33 . 79 0 . 77 76 . 80 4 6 . 1 0 
12 4 4 . 9 9 2 . 1 4 0 37 .71 0 . 8 6 8 5 . 7 0 5 1 . 5 0 
13 4 8 . 9 3 2 . 3 3 0 4 1 . 0 1 0 . 9 3 93 . 20 5 6 . 0 0 
14 5 2 . 5 0 2 . 5 0 0 4 4 . 0 0 1 . 0 0 100 .00 6 0 . 0 0 
15 5 4 . 9 6 2 . 6 2 0 46 . 07 1 .05 104 .70 6 2 . 9 0 
16 5 7 . 1 2 2 . 7 2 0 47 . 87 1 . 0 9 108 .80 65 . 30 
17 5 8 . 5 4 2 . 7 9 0 4 9 . 0 5 1 .12 111 .50 6 7 . 0 0 
18 5 9 . 6 4 2 . 8 4 0 4 9 . 9 8 1 .14 113 , 60 6 8 . 2 0 
19 5 3 . 9 1 2 . 57 0 4 5 . 1 9 1 . 0 3 102 .70 61 . 70 
20 5 7 . 4 8 2 . 7 4 0 4 8 . 1 8 1 . 10 109 .50 65 . 80 
21 7 8 . 9 1 3 . 7 6 0 66 . 13 1 . 50 150 .30 90 . 30 
22 7 9 . 5 9 3 . 7 9 0 6 6 . 7 0 1 .52 151 .60 91 . 00 
23 7 9 . 9 6 3 . 8 1 0 67 . 01 1 . 52 152 .30 91 . 50 
24 7 6 . 7 6 3 . 6 6 0 64 . 32 1 . 46 146 . 20 
8 7 . 8 0 
25 7 4 . 6 0 3 . 5 5 0 6 2 . 5 3 1 . 42 142 . 10 
8 5 . 3 0 
26 7 5 . 7 1 3 . 6 1 0 63 . 45 1 . 4 3 144 . 20 
8 6 . 6 0 
27 7 6 . 3 8 3 . 64 0 64 . 02 1 . 4 6 145 . 50 
8 7 . 4 0 
28 7 7 . 1 2 3 . 67 0 64 . 64 1 .47 146 . 90 
8 8 . 2 0 
29 7 5 . 3 3 3 . 5 9 0 63 . 14 1 . 44 143 . 50 
8 6 . 2 0 
30 7 1 . 6 6 3 . 4 1 0 6 0 . 0 6 1 .37 136 . 50 
8 2 . 0 0 
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TABLE G6.3 (cont'd) 
Year Cost item 
Cost component 
Total 
market 
value 
Total 
social 
value Wage Salary Profit 
Foreign 
exchange 
Tax 
31 67.99 3.24 0 56.97 1,30 129,50 77.80 
32 63.95 3.05 0 53.59 1.21 121.80 73.10 
33 60.27 2.87 0 50.51 1.15 114.80 68.90 
34 56.23 2.68 0 47.12 1.07 107.10 64.30 
35 52.55 2.50 0 44.05 1.00 100.10 60.10 
36 48.88 2.33 0 40.96 0.93 93.10 55,90 
37 44.84 2,13 0 37.58 0.85 85.40 51,30 
38 41.16 1.96 0 34.50 0.78 78.40 47.10 
From establishment. Dots denote cost components, total market values and 
^ social values are the same as those for the preceding year. 
Of annual total market value, segregated on the basis of factors given in 
Table 6.5 (Chapter 6). 
^Sum of cost components valued in shadow-price terras. 
The social value is obtained using the standard conversion factor 0.9 
(see Chapter 6). 
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TABLE G7.1. CENTRAL GOVERNMENT REVENUE FROM DIRECT AND INDIRECT TAXES 
A N D ESTIMATED TAX INCIDENCE ON BUSINESS. 1969 AND 1970 
I t e m 
1969 tax, $ million 1970 tax, $ million 
Total 
Incidence on 
business^ 
Total 
Incidence on 
business 
Direct taxes'^ 
Incoiiie tax 442 354 575 460 
Development tax 52 52 75 75 
Tin profit tax 5 5 6 6 
Estate duty 9 9 12 12 
All 508 420 (82.6) 668 553 (82.8) 
c 
Indirect taxes 
Export duties 279 207 259 201 
Import duties 526 271 558 301 
Excise duties 182 91 248 124 
Other 205 103 225 112 
All 1,192 672 (56.3) 1,290 738 (57.2) 
Total tax revenue 1,700 1,092 (64.2) 1,958 1,291 (65.9) 
Figures in brackets denote weighted proportion of taxes falling on 
^ 'businesses'. 
Income tax attributable to businesses is assumed at 80 percent, whilst 
other direct taxes fall wholly on businesses (Department of Inland 
Revenue: private communication, 1970). 
^Export duties attributable to businesses are weighted according to that 
part of export values of commodities considered to have been produced 
by 'businesses'. These are: 50 percent of rubber and pineapple 
export values, and 100 percent of tin, logs, timber, iron ore, 
bauxite and pepper. Import duties falling on businesses are weighted 
as follows: 100 percent of import value of crude inedible materials, 
chemicals, manufacturing and transport equipment, 90 percent of 
mineral fuels, and zero percent of food, live animals, beverages, 
tobacco, animal oils, vegetable oils, fats, manufactured goods and 
other items. Excise and other duties are split in the middle. 
Sources: (a) Bank Negara Malaysia, Quarterly Economic Bulletin, Vol.4, 
No.l, March 1971. 
(b) Department of Statistics, Kuala Lumpur, 1970. 
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TABLE G7.2 PROFITS (BEFORE TAX) AS PERCENTAGES OF PAID UP CAPITAL OF 
COMPANIES LISTED ON STOCK EXCHANGE OF MALAYSIA AND 
SINGAPORE, 1965-1969 
Type of com-
pany and pro-
fit class (%) 
P 1 : o f i t a ) 
1965 1966 1967 1968 1969 
Industrial and 
commer-:ial 
Below 10 6.2( 9)^ 1.8(16) -0.1(22) 1.7(34) 1.0( 33) 
11 - 20 15.9(17) 15.7(12) 15.5(14) 14.6(13) 15.7( 21) 
21 - 30 24.4(10) 24.4( 8) 25.9(14) 19.2(13) 24.0( 20) 
31 - 40 33.8( 5) 35.8( 8) 37.1( 4) 35.0(14) 35.4( 11) 
41 and above 60.0( 8) 51.9(14) 59.9(13) 62.7(13) 62.0( 15) 
Total 31.6(49) 31.1(58) 22.9(67) 22.1(87) 23.5 (100) 
Dollar rubber 
plantat ions 
Below 10 8.3( 4) 7.7( 1) 9.0( 6) 4.6( 8) 7.0( 2) 
11 - 20 16.2( 5) 16.6( 6) 16.5(12) 16.2( 9) 17.9( 2) 
21 - 30 25.6( 8) 24.9(10) 23.2( 4) 25.8( 5) 27.1( 5) 
31 and above 37.6( 6) 38.1( 6) 46.1( 2) 106.7( 1) 36.9( 13) 
Total 24.3(23) 25.2 (23) 18.3(24) 18.2(23) 41.1( 23) 
Oil palm 
Below 10 0.9( 1) 0.2( 1) 5.2( 2) 8.6( 1) 3.9( 1) 
11 - 20 - - - 15.6( 3) 16.2( 4) 
21 - 30 - 22.7( 1) 25.7( 1) - -
31 and above 34.7( 2) 39.4( 1) - 15.6( 1) 53.4( 1) 
Total 26.8( 3) 20.8( 3) 10.3( 3) 27.8( 5) 20.3( 6) 
Property and 
development 
Below 10 3.1( 9) -0.2( 9) 4.1( 9) 2.4( 9) 1.1( 8) 
11 and above 17.7( 2) 20.3( 2) 24.2( 3) 21.9( 2) 14.8( 3) 
Total 4.1(11) 4.2(11) 9.0(12) 5.9(11) 4.8( 11) 
Hotel 
Below 10 3.8( 2) 5.0( 2) 7.7( 1) 3.4( 5) 3.1( 11) 
11 and above 23.7( 1) 16.7( 1) 15.9( 2) 20.0( 2) 23.6( 2) 
Total 9.2( 3) 9.0( 3) 14.6( 3) 8.9( 7) 6.9( 13) 
^Figures in brackets denote numbers of companies. 
Source: Computed from Stock Exchange of Malaysia and Singapore. Company  
Reports: Handbook of Malaysia and Sineapore Companies on the 
Official List. Vols.1-5. 
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table G7.3 AVERAGE PROJECTED YIELDS OF F.L.D.A. SCHEMES AND AVERAGE 
PROJECTED YIELDS OF STATE AND FRINGE SCHEMES EXPRESSED 
AS PERCENTAGES OF F.L.D.A. YIELDSa 
Year in 
tapping 
Average yield in 
F.L.D.A, schemes 
(lb/acre) 
Yield in State 
schemes 
(% of F.L.D.A. 
average) 
Yield in Fringe 
schemes 
(% of F.L.D.A. 
average) 
1 678 65.2 58.0 
2 964 71.0 61.4 
3 1057 77.9 72.0 
4 1187 76.4 75.4 
5 1297 82,3 76.7 
6 1383 82,6 76.9 
7 1450 81.5 75.7 
8 1497 79.6 73.4 
9 1522 76.7 70.0 
10 1528 72.5 65.5 
11 1343 77.1 68.1 
12 1473 77.6 68.4 
13 2022 82.6 67.2 
14 2050 81.6 68.5 
15 2063 83.8 69.6 
16 1967 83.6 71.1 
17 1918 82.4 71.0 
18 1942 82.0 70,1 
19 1952 80.4 68.9 
20 1962 78.5 66.8 
21 1867 78.9 67.4 
22 1775 79.3 67.9 
23 1683 79.6 68.5 
24 1593 80.0 69.1 
25 1500 80.8 69.9 
26 1407 81.2 70.9 
27 1315 81.9 71.6 
28 1225 82.4 72.7 
29 1132 83.3 74.0 
30 1042 84.2 75.2 
Average 1523 80.2 70.2 
^Based on figures in Tables 3.14(a), (b) and (c) in Chapter 3. 
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TABLE G8.1. TOTAL SOCIAL PRESENT REVENUES AND TOTAL SOCIAL PRESENT 
COSTS DISCOUNTED AT 10 AND 15 PERCENT ($'000) 
At 107o discount rate At 157o discount rate 
Scheme 
Present Present Present Present 
revenue cost revenue cost 
F.L.D.A. 
Serampang 3156.6 1228.4 1490.9 782.9 
Tenang 3092.7 1186.4 1461.6 759.0 
Percha 2501.0 1031.9 1182.2 649.7 
L.B.J. 2506.4 1031.5 1179.4 668.2 
Aw ah 2636.3 1141.8 1249.0 683.1 
Gedangsa 1808.7 976.5 856.3 655,4 
State 
Lab u 2655.5 970.4 1227.7 614,5 
Panchang 1484.0 555.5 685,1 358.4 
Gerbang 1035.8 456.5 489.0 287,3 
Menderang 1156.2 511.6 538,4 318.0 
Dua 613.3 306.6 277.2 198,3 
Pepuyu 942.0 440.4 439.8 284,1 
Fringe 
Timbol 502.4 188.5 224.9 112.1 
Gentam 254.5 103.4 120.5 63.5 
Purun 1482.8 624.9 693.8 380.9 
Beranang 531.1 220.6 248.8 133.3 
Beting 458.8 213.4 216.8 129.5 
Rambutan 612.2 302.9 284.9 190,8 
Sahom 380.0 186.6 174.9 
118.2 
• Halt 326.2 169.4 
150.7 108,2 
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TABLE G8.2 ^ EMPLOYMENT: CAPITAL RATIOS ON SCHEMES UNDER 
EXISTING CONDITIONS® 
Scheme 
Public 
fund^ 
($'000) 
Settler-
family 
(No.) 
Popu-
lation'^ 
Employment per 
$10,000 invested 
(No.) Family Person 
F.L.D.A. 
Serampang 1565.7 116 1218 0.74 7.78 
Tenang 1467.1 117 936 0.80 6.38 
Percha 1342.7 99 832 0.74 6.20 
L.B.J. 1377.9 116 1102 0.84 8.00 
Awah 1570,0 124 918 0,79 5.85 
Gedangsa 1534.9 113 1051 0.74 6.85 
State 
Labu 1330,2 149 1445 1,12 10.86 
Panchang 656.3 84 739 1.28 11.26 
Gerbang 377.4 95 741 2.52 19,63 
Menderang 432.0 88 642 2.04 14.86 
Dua 365.7 50 410 1.37 11.21 
Pepuyu 394.3 69 504 1.75 12.78 
Fringe 
Timbol 125.9 58 458 4,61 36,38 
Gentam 63.3 38 262 6.00 41,39 
Purun 446.7 141 945 3. 16 21.16 
Beranang 94.4 59 513 6.25 54,34 
Beting 132.3 72 526 5.44 39,76 
Rambutan 191.5 115 7 36 6.01 38.43 
Sahom 126.1 57 388 4.52 30.77 
Halt 114.3 42 286 3.67 25.02 
With varying holding sizes. 
Public funds involved in agricultural development plus assistance 
on housing. 
"^Estimated on the basis of number of persons per family found in 
the settlers' survey. 
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table G8.2(-h^ EMPLOYMENT: CAPITAL RATIOS ON SCHEMES UNDER 
ASSUMED CONDITION OF EQUAL SIZE OF HOLDING^ 
Scheme 
Public 
fund^ 
($'000) 
Settler-
family*^ 
(No.) 
Popu-
lation'^ 
Employment per 
$10,000 invested 
(No.) Family Person 
F.L.D. 
Serampang 1565.7 119 1250 0.76 7 .98 
Tenang 1467.1 125 1000 0.85 6.82 
Percha 1342.7 107 899 0.80 6.69 
L.B.J. 1377.9 105 998 0.76 7.24 
Awah 1570.0 122 903 0.78 5.75 
Gedangsa 1534.9 103 958 0.67 6.24 
State 
Labu 1330.2 118 1145 0.89 8.60 
Panchang 656.3 67 5 90 1.02 8. 98 
Gerbang 377.4 66 515 1.75 13.64 
Menderang 432.0 77 562 1.78 13.01 
Dua 365.7 41 336 1.12 9.19 
Pepuyu 394.3 62 453 1.57 11.48 
Fringe 
Timbol 125.9 29 229 2.30 18.20 
Gentam 63.3 15 104 2.37 
16.43 
Purun 446.7 93 623 2.08 
13.95 
Beranang 94.4 33 287 3.50 
30.41 
Beting 132.3 31 226 2.34 
17.11 
Rambutan 191.5 44 282 2.30 
14.70 
Sahom 126.1 29 197 
2.30 15.64 
Halt 114.3 25 170 2.19 
14.87 
^7.8 acres per holding 
for Table G8.2(a). 
'^Adjusted according to 
holding size. 
in all schemes. 
the total scheme acreage and the assumed 
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TABLE G9 . ] PROJECTED ANNUAL 'MEAN', 'BEST' AND 'WORST' INCOMES OF 
HOLDINGS ON INDIVIDUAL F .L .D .A , SCHEMES ($/FAMILY) 
A cr o rr 
Mean v a l u e Best v a l u e Worst v a l u e 
( y e a r ) Gross Labour Gross Labour Gross Labour 
income income income income income income 
Serampang 
( 8 . 0 0 a c r e s ) 
1 - 5 3827 1645 4390 2209 3264 1082 
6 - 10 4516 2258 5542 3285 3498 1241 
I I - 15 5356 2994 6269 3907 4336 1974 
16 - 20 5562 4963 6543 5 945 4579 3981 
21 - 25 4277 3800 5107 4630 3447 2970 
26 - 30 2809 2629 3461 3281 2157 1977 
Average 4391 3048 5219 3876 3547 2204 
Tenang 
( 8 . 3 4 a c r e s ) 
1 - 5 3710 1449 4248 1987 3139 878 
6 - 10 4465 2240 5497 3273 3433 1209 
I I - 15 5133 2811 6136 3814 4130 1808 
16 - 20 5370 4821 6343 5793 4398 3848 
21 - 25 4157 3726 4983 4552 3331 2900 
26 - 30 2754 2623 3412 3281 2097 1966 
Average 4264 2944 5102 3783 3421 2101 
Percha 
( 8 . 3 9 a c r e s ) 
I - 5 3527 1568 4070 2 I I I 2979 1020 
6 - 10 4316 2095 5329 3107 3305 1083 
I I - 15 4858 2520 5828 3490 3888 1550 
16 - 20 5113 4445 6058 5390 4169 3501 
21 - 25 3973 3438 4777 4243 3168 2634 
26 - 30 2653 2471 3303 3120 2006 1823 
Average 4075 2758 4896 3579 3254 1937 
L . B . J . 
(7 .07 a c r e s ) 
I - 5 3063 1175 3540 1652 2585 698 
6 - 10 3718 1817 4599 2699 2852 951 
I I - 15 4209 2215 5041 3047 3377 1383 
16 - 20 4424 3911 5244 47 32 3624 3112 
21 - 25 3436 3022 4125 37I I 2746 2333 
26 - 30 2289 2151 2840 2702 1737 1599 
Average 3523 2382 4232 3091 2820 1679 
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( c o n t ' d ) 
Awah 
( 7 . 6 9 a c r e s ) 
1 - 5 2990 977 3784 1772 2495 483 6 - 10 3748 1578 5135 2965 2854 684 
11 15 3825 1558 5146 2879 3015 748 
16 - 20 4069 3508 5374 4813 3273 2712 
21 • - 25 3218 2769 4393 3944 2535 2086 
26 -- 30 2183 1995 3231 3043 1616 1428 
Average 3333 2058 4504 3230 2625 1351 
Gedangsa 
( 7 . 1 1 a c r e s ) 
1 - 5 2289 556 2713 979 1865 132 
6 - 10 2600 651 3296 1348 1902 -47 
11 - 15 2960 937 3631 1609 2289 266 
16 - 20 3032 2565 3682 3216 2383 1916 
21 - 25 2250 1877 2790 2417 1711 1337 
26 - 30 1590 1430 2058 1899 1125 965 
Average 2444 1326 3019 1902 1869 752 
TABLE G 9 . 1 ( b ) . PROJECTED ANNUAL 'MEAN', 'BEST' AND 'WORST' INCOMES OF 
HOLDINGS ON INDIVIDUAL STATE SCHEMES ($/FAMILY) 
Age : group 
Mean va lue Best v a l u e Worst v a l u e 
( y e a r ) Gross Labour Gross Labour Gross Labour 
income income income income income income 
Labu 
( 6 . 1 9 a c r e s ) 
1 - 5 2176 1338 2292 1454 2060 1222 
6 - 10 3025 2049 3679 2703 2372 1396 
11 - 15 3483 2381 4200 3098 2765 1664 
16 - 20 3776 3113 4399 3736 3000 2337 
21 - 25 2925 2499 3456 3029 2394 1967 
26 - 30 1957 1790 3034 2867 2224 2057 
Average 2909 2213 3528 2833 2487 1792 
Panchang 
( 6 . 2 3 a c r e s ) 
1 - 5 2278 1602 2606 1929 1950 1274 
6 - 10 3121 2317 3753 2950 2463 1659 
11 - 15 3615 2705 4260 3351 2970 2060 
16 - 20 3880 3288 4510 3918 3242 2650 
21 - 25 3001 2617 3545 3161 2455 2071 
26 - 30 2001 1878 2413 2290 1589 1465 
Average 2999 2418 3531 2950 2461 1880 
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t a b l e G9•Wh^ ( c on t ' d ) 
Gerbanp; 
(5 .43 acres ) 
1 - 5 1627 1298 2027 1698 1227 898 
6 - 10 1879 1392 2393 1906 1365 878 
11 - 15 2084 1562 2603 2082 1565 1043 
16 - 20 2168 1706 2655 2193 1691 1229 
21 - 25 1616 1243 2021 1648 1211 838 
26 - 30 1163 1016 1516 1370 810 664 
Average 1751 1364 2197 1811 1306 920 
Menderane 
(6.82 acres) 
1 - 5 1860 1459 2325 1924 1394 993 
6 - 1 0 2218 1635 2820 2237 1615 1032 
11 - 15 2690 2057 3324 2690 2056 1423 
16 - 20 2772 2194 3360 2782 2186 1608 
21 - 25 2062 1594 2553 2085 1573 1106 
26 - 30 1477 1295 1900 1718 1055 873 
Average 2182 1708 2716 2242 1649 1175 
Dua 
(6.44 acres ) 
1 - 5 2012 1244 2363 1594 1663 894 
6 - 10 2299 1530 2914 2145 1684 915 
11 - 15 2653 1799 3287 2432 2019 1165 
16 - 20 2715 2217 3300 2802 2129 1631 
21 - 25 2024 1629 2512 2118 1536 1141 
26 - 30 1483 1358 1909 1784 1054 929 
Average 2194 1626 2711 2142 1677 1109 
Pepuyu 
(6.96 acres) 
1 - 5 1954 1443 2419 1908 1488 977 
6 - 1 0 2305 1595 2957 2247 1652 942 
11 - 15 2771 2111 3386 2726 2099 1439 
16 - 20 2850 2256 3475 2881 2224 1630 
21 - 25 2123 1642 2644 2163 1601 1120 
26 - 30 1508 1319 1960 1771 1056 867 
Average 2253 1729 2808 2284 1689 1164 
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TABLE OQ.I PROJECTED ANNUAL 'MEAN', 'BEST' AND 'WORST' INCOMES OF 
HOLDINGS ON INDIVIDUAL FRINGE SCHEMES ($/FAMILY) 
Mean value Best value Worst value 
group 
(year) Gross Labour Gross Labour Gross Labour 
income income income income income income 
Timbol 
( 3 . 9 1 acres) k 
1 - 5 1379 1070 1601 1292 1157 
j 
848 
6 - 10 1726 1400 2121 17 94 1333 1006 
11 - 15 1886 1493 1886 1855 1525 1133 
16 - 20 2005 1690 2373 2059 1637 1323 
21 - 25 1531 1283 1837 1589 1225 977 
26 - 30 1088 1004 1345 1261 665 581 
Average 1604 1325 1923 1644 1259 980 
Gentam 
( 3 . 0 3 acres) 
1 - 5 1068 823 1309 1064 827 582 
6 - 1 0 1184 920 1479 1215 888 624 
11 - 15 1300 992 1570 1262 1025 717 
16 - 20 1325 1067 1605 1348 1046 788 
21 - 25 985 778 1208 1001 763 556 
26 - 30 693 613 893 813 493 412 
Average 1084 857 1336 1109 832 605 
Purun 
( 5 . 1 3 acres) 
1 - 5 1434 974 1703 1243 1166 706 
6 - 10 1942 1417 2419 1894 1464 940 
11 - 15 1949 1337 2378 1766 1521 909 
16 - 20 2138 1628 2567 2057 1709 1199 
21 - 25 1651 1272 2015 1636 1287 908 
26 - 30 1173 1009 1482 1317 865 700 
Average 1718 1277 2098 1656 1339 897 
Beranang 
(4 . 37 acres) 
1 - 5 1274 965 1527 1219 1021 712 
6 - 1 0 1775 1447 2238 1910 1326 998 
11 - 15 1614 1224 2031 1640 1198 808 
16 - 20 1821 1423 2239 1840 
1404 1005 
21 - 25 1454 1145 1813 1503 
1095 786 
26 - 30 1023 896 1331 1205 
712 586 
Average 1494 1184 1864 1553 
1126 816 
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TABLE G 9 . I R M (cont'd) 
Bet ine 
(3 .32 acres) 
1 - 5 9 7 1 7 0 6 1 1 6 2 8 9 7 7 8 1 5 1 7 
6 - 1 0 1 1 2 7 8 4 2 1 4 4 8 1 1 6 3 7 8 2 4 9 7 
1 1 - 1 5 1 2 1 3 8 7 7 1 5 3 5 1 1 9 9 8 9 2 5 5 6 
1 6 - 2 0 1 2 7 3 9 6 0 1 5 7 8 1 2 6 4 9 6 9 6 5 5 
2 1 - 2 5 9 5 7 7 2 1 1 2 1 3 9 7 7 7 0 1 4 6 6 
2 6 - 3 0 6 9 3 5 9 7 9 2 0 8 2 4 4 6 8 3 7 2 
Average 1 0 3 6 7 8 1 1 3 0 6 1 0 5 1 7 6 3 5 0 8 
Rambutan 
(3 .00 acres) 
1 - 5 8 0 6 5 2 5 1 0 2 0 7 3 9 5 8 5 3 0 4 
6 - 1 0 9 6 5 6 1 1 1 2 4 7 8 9 3 6 8 4 3 3 0 
1 1 - 15 1 0 7 0 7 8 2 1 3 4 2 1 0 5 3 7 98 5 1 0 
1 6 - 2 0 1 1 2 3 8 5 2 1 3 9 5 1 1 2 5 8 5 1 5 8 0 
2 1 - 2 5 8 4 4 6 2 6 1 0 7 4 8 5 6 6 1 4 3 9 6 
2 6 - 3 0 6 1 1 5 1 9 8 1 4 7 2 1 4 0 9 3 1 7 
Average 9 0 3 6 5 3 1 1 4 9 8 9 8 6 5 7 • 4 0 6 
Sahom 
(4 .04 acres) 
1 - 5 9 7 3 6 2 3 1 2 6 4 9 1 4 6 7 9 3 2 9 
6 - 1 0 1 2 0 4 7 5 6 1 5 7 6 1 1 2 7 8 3 5 3 8 7 
1 1 - 15 1 3 9 3 1 0 2 9 1 7 5 6 1 3 9 1 1 0 3 1 6 6 7 
1 6 - 2 0 1 4 7 4 1 1 3 3 1 8 3 8 1 4 9 7 1 1 1 0 7 6 9 
2 1 - 2 5 1 1 0 6 8 3 3 1 4 1 2 1 1 3 8 8 0 0 5 2 7 
2 6 - 3 0 8 0 5 7 0 1 1 0 7 9 9 7 5 5 35 4 3 0 
Average 1 1 6 2 8 4 8 1 4 9 0 1 1 7 6 8 3 4 5 2 0 
Halt 
(4 .60 acres) 
1 - 5 1 1 4 4 7 0 1 1 4 7 8 1 0 3 5 8 1 1 3 6 8 
6 - 1 0 1 4 0 2 8 4 4 1 8 2 6 1 2 6 8 9 7 8 4 2 1 
1 1 - 15 1 6 0 0 1 1 4 4 2 0 1 4 1 5 5 8 1 1 8 7 7 3 1 
1 6 - 2 0 1 6 9 2 1 2 6 7 2 1 0 7 1 6 8 0 1 2 7 6 8 5 1 
2 1 - 2 5 1 2 7 4 9 2 8 1 6 2 4 1 2 7 8 9 2 5 5 7 9 
2 6 - 3 0 9 2 8 7 7 5 1 2 3 8 1 0 8 4 6 1 9 4 6 6 
Average 1 3 4 3 9 4 6 1 7 1 6 1 3 2 0 9 6 9 5 7 2 
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table HQ.? AVERAGE AMOUNTS OF SUPPLEMENTARY INCOME ON INDIVIDUAL 
SCHEMES: BY INCOME GROUP. 1969/1971 
Scheme 
Income group ($/month/family) 
Total 
Below 30 31-70 71-120 Above 120 
F.L.D.A. 
Serampang 10.6(20)^ - 88.8( 2) - 17.7( 22) 
Tenang 8.2(15) 54.0( 2) 101.0( 1) 260,0( 4) 62.3( 22) 
Percha 6.6(19) 38.0( 1) 85.0( 1) - 11.9( 21) 
L.B.J. 5.4(64) 51.7(12) 97.5(13) 213.3(15) 52.2(104) 
Awah 5.1(12) 50.2( 5) 100.0( 1) 138.0( 2) 34.4( 20) 
Gedangsa 8.5( 8) 47.2( 6) 99.3( 4) 150.5( 2) 65.6( 20) 
State 
Labu 8.2(55) 47.1(20) 91.7(22) 245.7(34) 89,8(131) 
Panchang 13.4(45) 46.7(17) 89.1( 3) 178,7( 5) 36.5( 70) 
Gerbang 9.5(18) 43.0( 1) 99.0( 1) 153.0( 1) 22.2( 21) 
Menderang 11.8(12) 48.4( 7) - 345.0( 1) 41.3( 20) 
Dua 15.9(27) 40.8(12) 99.7( 1) 144.0( 5) 38.7( 45) 
Pepuyu 9.2(19) 63.0( 1) - - 11.9( 20) 
Fringe 
Timbol 16.4( 8) 44,8(12) 99.0( 1) 138.0( 2) 45.4( 23) 
Gentam 11.5(12) 47.6( 5) 95.0( 2) 136.5( 2) 40.0( 21) 
Purun 13.6(13) 44.2( 5) - 200.0( 3) 47.5( 21) 
Beranang 8.9(18) 52.4( 8) 91.4( 8) 289.5(21) 134.3( 55) 
Beting 10.1(31) 47.8(15) 89.9(13) 229.8( 9) 65.3( 69) 
Rambutan 16.6(15) 39.0( 3) 107.5( 2) - 29.1( 20) 
Sahom 11.8(11) 56.3( 4) 90.8( 5) 108,0( 1) 39.3( 20) 
Halt 8.0(11) 47.8( 5) 83.0( 1) 23.2( 17) 
^Figures in brackets denote numbers of holdings. 
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TABLE HQ.^ PROPORTION OF SETTLERS GROWING FRUIT TREES: BY TYPE OF 
FRUIT AND TREE CLASS. 1969/71 
Tree 
C 13 S S 
Proportion of settlers (%) 
(No.) Rambutan Coconut Durian Jackfruit Banana Others 
F.L.D.A. 
1 - 4 50( 2.7)^ 42( 3.2) 97( 1.9) 72( 2.8) 33( 4.0) 7i( 2.4^ ; 
5 - 9 31( 6.5) 44( 6.3) 0( 0 ) 21( 5.6) 17( 6.0) 25 ( 6.2) 
10 - 14 16(11.4) 12(11.5) 1(10.0) 6(10.2) 17(10.0) 2(10,3) 
Above 14 3(17.8) 2(21.5) 2(27.0) 1(15.0) 33(14.0) 2(17.5) 
Average 100( 5.7) 100( 6.0) 100( 2.3) 100( 4.0) 100(45.7) 100( 3.8), 
State 
1 - 4 17( 3.1) 12( 3.0) 31( 2.8) 40( 3.1) 5( 3.5) 43( 2.5) 
5 - 9 20( 5.9) 23( 6.4) 19( 6.0) 27( 6.6) 13( 6.0) 28( 6,6) 
10 - 14 19(10.7) 21(11.1) 21(10.4) 21(11,6) 20(10.3) 16(10.7) 
Above 14 44(32.3) 44(32.8) 29(28.7) 12(17.5) 62(46.4) 13(37.6) 
Average 100(17.5) 100(18.7) 100(12.5) 100( 7.5) 100(32.0) 100( 9.6) 
Fringe 
1 - 4 52( 2.4) 39( 3.0) 69( 2.4) 100( 2.7) 16( 3.3) 45( 2.7) 
5 - 9 34( 6.4) 31( 5.8) 17( 6.6) 0( 0 ) 32( 5.8) 35( 5.7) 
10 - 14 11(10.1) 21(10.5) 6(10.0) 0( 0 ) 10(10.0) 8(13.8) 
Above 14 3(17.5) 9(21.6) 8(22.5) 0( 0 ) 42(51.3) 12(22.8) 
Average 100( 5.0) 100( 7.1) 100( 5.2) 100( 2.7) 100(25.0) 100( 7.0) 
^Figures in brackets denote numbers of trees per settler. 
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table G9.A PROPORTION OF SETTLERS GROWING FRUIT TREES ON INDIVIDUAL 
SCHEMES: BY TYPE OF FRUIT. 1969/71 
Scheme 
Proportion of settlers (7o) 
Rambutan Coconut Durian Jackfruit Banana Others 
F.L.D.A. 
Serampang 73( 2.1)^ 96( 4.2) 32 ( 2.3) 68 ( 3.3) 5( 4 ,0) 41( 2.8) 
Tenang 96( 3.5) 98 ( 7.0) 77( 1.6) 4( 3.0) 0 50( 2.8) 
Percha 95 ( 3.5) 76( 4.7) 62 ( 2.0) 24 ( 2.6) 5( 4 .0) 91( 3.0) 
L.B.J. 88( 8.0) 76( 6.4) 21( 1.9) 45 ( 4.4) 2(96 .0) 66( 4.1) 
Awah 85 ( 3.4) 99 ( 5.8) 40( 4.4) 60( 3.8) 0 70( 4.4) 
Gedangsa 55( 3.8) 45 ( 7.4) 15 ( 5.0) 5( 5.0) 10(28 .0) 15( 3.0) 
State 
Labu 84(21.4) 66(27.0) 56(15.1) 15 ( 6.1) 6(25 .0) 43(11.6) 
Panchang 58( 9.5) 69(12.1) 19( 3.5) 5( 3.5) 22(27 .8) 25( 4.7) 
Gerbang 70(28.4) 90(11.6) 45(11.7) 20( 6.3) 25 (76, ,0) 15( 7.7) 
Menderang 65(18.5) 80(23.6) 95(15.6) 45(12.9) 25 (34. ,0) 20( 4.8) 
Dua 45 ( 8.7) 53(12.4) 22( 3.2) 0 9(15. 0) 16( 1.6) 
Pepuyu 50( 8.4) 80( 6.2) 20( 4.5) 75 ( 7.7) 10(12. 5) 5( 4.0) 
Fringe 
Timbol 52 ( 4.3) 48 ( 4.8) 48 ( 1.9) 0 9( 4. 0) 17( 4.5) 
Gentam 19( 3.0) 52 ( 8.5) 19( 2.0) 0 0 24( 9.4) 
Purun 10( 7.0) 43( 5.3) 24 ( 9.2) 0 0 29( 5.8) 
Beranang 35 ( 6.2) 24 ( 5.9) 14 ( 7.5) 0 7(67. 5) 7( 3.8) 
Beting 29( 3.3) 69( 8.4) 27( 4.4) 3( 3.5) 11(15. 0) 27( 7.9) 
Rambutan 26( 5.2) 26( 7.4) 26( 4.2) 5( 2.0) 11(30.0) 26( 3.8) 
Sahom 30 ( 6.2) 85 ( 7.5) 70( 7.0) 5( 2.0) 10( 5. 0) 25( 9.0) 
Halt 18(10.7) 59( 3.6) 35 ( 6.2) 0 6( 7. 0) 18( 8.3) 
^Figures in brackets denote numbers of trees per settler, 
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TABLE G9.S SETTLERS' MONTHLY INCOME PRIOR TO JOINING THE SCHEME: 
BY INCOME GROUP. 1959/60 
Amount of income befori e joining 
Scheme ($/f 
amily) Total 
Below $50 $51- $100 Above $100 
F.L.D.A. 
Serampang 21. 4 ( 1)^ 62. 5 (15) 167. 6 ( 6) 89. 3 ( 22) 
Tenang 36. 7 (12) 66. 7 ( 9) 121. 0 ( 1) 52. 8 ( 22) 
Percha 51. 0 ( 1) 80. 7 ( 7) 164. 0 (14) 132. 3 ( 22) 
L.B.J, 30. 7 (40) 56. 1 (32) 124. 0 (32) 67. 2 (104) 
Awah 50. 0 ( 1) 82. 8 ( 5) 188. 4 (14) 155. 1 ( 20) 
Gedangsa 48. 0 ( 2) 87. 2 ( 4) 154. 1 (13) 124. ,3 ( 19) 
State 
Labu 26. 5 (58) 67 . 8 (65) 108. 4 ( 8) 52. 0 (131) 
Panchang 42. 1 (10) 75. 6 (22) 132. 6 (38) 101. 8 ( 70) 
Gerbang 42. ,9 ( 7) 76. 4 (11) 216. 7 ( 3) 85. 2 ( 21) 
Menderang 37, ,5 ( 4) 85. 6 ( 9) 125. 7 ( 7) 90. 0 ( 20) 
Dua 31, ,5 ( 6) 60. 2 (30) 109. 8 ( 9) 66. 3 ( 45) 
Pepuyu 27, .4 ( 7) 54. ,0 (13) 44. 7 ( 
20) 
Fringe 
Timbol 43 .2 (17) 76, .0 ( 5) 250. 0 ( 1) 59. 3 ( 23) 
Gentam 44 .7 ( 9) 70 .6 ( 8) 152. 5 ( 4) 
75. 1 ( 21) 
Purun 37 .5 ( 4) 78 .4 (11) 278. 3 ( 6) 
127. 7 ( 21) 
Beranang 22 .7 (25) 56 .3 (27) 109. ,2 ( 3) 
43. 9 ( 55) 
Beting 31 .6 (12) 62 .0 (38) 148. ,4 (19) 
80. 5 ( 69) 
Rambutan 39 .0 ( 6) 76 .7 (12) 
120. ,0 ( 2) 69. 7 ( 20) 
Sahom 42 .7 ( 7) 74 .9 (12) 184, 
.3 ( 1) 69. 1 ( 20) 
Halt 35 .0 ( 2) 75 .0 (12) 
140, .0 ( 3) 81. 7 ( 17) 
'Figures in brackets denote numbers of holdings. 
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table GQ.f. PREVIOUS OCCUPATION OF SETTLERS ON INDIVIDUAL SCHEMES: BY 
TYPE OF WORK. 1959/60 
Proportion of settlers^ (%) 
Scheme 
Tapper Farmers 
Ex-
service 
man 
Odd 
jobs 
Petty 
traders 
Other 
agri-
cul-
tural 
Other 
non-
agri. 
work work 
F.L.D.A. 
Serampang 14( 3) 32( 7) 27( 6) - 9( 2) 18( 4) -
Tenang 23( 5) 14 ( 3) 27( 6) - 9( 2) 27( 6) -
Percha 31( 7) 5( 1) 31( 7) 9( 2) 5( 1) 14 ( 3) 5( 1) 
L.B.J. 33(34) 8( 8) 19(20) 17(18) 4( 4) 7( 7) 12(13) 
Awah 10( 2) 20( 4) - 20( 4) 20( 4) 15 ( 3) 15( 3) 
Gedangsa 26( 5) 16( 3) 16( 3) 11( 2) 11( 2) 10( 2) 10( 2) 
State 
Labu 37 (48) 7( 9) 8(10) 3( 4) 8(11) 13(17) 24(32) 
Panchang 21(15) 30(21) 4( 3) 10( 7) - 26(18) 9( 6) 
Gerbang 66(13) - 10( 2) - - 12( 3) 12( 3) 
Menderang 50(10) - 20( 4) 15( 3) - 10( 2) 5( 1) 
Dua 20( 9) 38(17) 10( 5) 14( 6) - 8( 4) 10( 4) 
Pepuyu 30( 6) 15 ( 3) 5( 1) 30( 6) - 20( 4) -
Fringe 
Timbol 56(13) - 9( 2) 26( 6) - 9( 2) -
Gentam 38( 8) 5( 1) 10( 2) 43( 9) 4( 1) - -
Purun 33( 7) 38( 8) 10( 2) 5( 1) 14 ( 3) - -
Beranang 34(19) 29(16) 11( 6) 13( 7) - 9( 5) 4( 2) 
Beting 39(27) 26(18) 6( 4) 4( 3) 3( 2) 15(10) 7( 5) 
Rambutan 55(11) 10( 2) - 15( 3) 10( 2) 10( 2) -
Sahom 40( 8) - 10( 2) 20( 4) 5( 1) 5( 1) 20( 4) 
Halt 65(11) - 6( 1) 29( 5) - - -
Figures in brackets denote number of settlers. 
481 
TABLE M N I PROPORTIONS OF FAMILIES ON INDIVIDUAL SCHEMES: BY SIZE 
OF FAMILY, 1969/71 
Scheme 
Proportion of families (7o) 
Total 
1 - L 5 - 8 Above 8 
F.L.D.A. 
Serampang 9 . 1 ( 2 ) " 9 . 1 ( 2 ) 8 1 . 8 ( 1 8 ) 1 0 0 ( 2 2 ) 
Tenang 0 ( 0 ) 6 3 . 6 ( 1 4 ) 3 6 . 4 ( 8 ) 1 0 0 ( 2 2 ) 
Percha 9 . 1 ( 2 ) 5 0 . 0 ( 1 1 ) 4 0 . 9 ( 9 ) 1 0 0 ( 2 2 ) 
L .B.J. 1 . 0 ( 1 ) 2 5 . 9 ( 2 7 ) 7 3 . 1 ( 7 6 ) 1 0 0 ( 1 0 4 ) 
Av7ah 1 0 . 0 ( 2 ) 6 0 . 0 ( 1 2 ) 3 0 . 0 ( 6 ) 1 0 0 ( 2 0 ) 
Gedangsa 0 ( 0 ) 3 1 . 6 ( 3) 6 8 . 4 ( 1 4 ) 1 0 0 ( 1 9 ) 
State 
Labu 1 . 5 ( 2 ) 3 1 . 3 ( 4 1 ) 6 7 . 2 ( 8 8 ) 1 0 0 ( 1 3 1 ) 
Panchang 1 . 4 ( 1 ) 3 8 . 6 ( 2 7 ) 6 0 . 0 ( 4 2 ) 1 0 0 ( 7 0 ) 
Gerbang 1 4 . 3 ( 3 ) 4 7 . 6 ( 1 0 ) 3 8 . 1 ( 8 ) 1 0 0 ( 2 1 ) 
Menderang 5 . 0 ( 1 ) 7 0 . 0 ( 1 4 ) 2 5 . 0 ( 5 ) 1 0 0 ( 2 0 ) 
Dua 1 1 . 1 ( 5 ) 4 6 . 7 ( 2 1 ) 4 2 , 2 ( 1 9 ) 1 0 0 ( 4 5 ) 
Pepuyu 5 . 0 ( 1 ) 6 0 . 0 ( 1 2 ) 3 5 . 0 ( 7 ) 1 0 0 ( 2 0 ) 
Fringe 
Timbol 8 . 7 ( 2 ) 6 0 . 9 ( 1 4 ) 3 0 . 4 ( 7 ) 1 0 0 ( 2 3 ) 
Gentam 1 9 . 0 ( 4 ) 6 1 . 9 ( 1 3 ) 1 9 . 1 ( 4 ) 1 0 0 ( 2 1 ) 
Purun 2 3 . 8 ( 5 ) 5 2 . 4 ( 1 1 ) 2 3 . 8 ( 5 ) 1 0 0 ( 2 1 ) 
Beranang 0 ( 0 ) 5 0 . 9 ( 2 8 ) 4 9 . 1 ( 2 7 ) 1 0 0 ( 5 5 ) 
Beting 1 7 . 4 ( 1 2 ) 4 9 . 3 ( 3 4 ) 3 3 . 3 ( 2 3 ) 1 0 0 ( 6 9 ) 
Rambutan 3 0 . 0 ( 6 ) 5 0 . 0 ( 1 0 ) 2 0 . 0 ( 4 ) 1 0 0 ( 2 0 ) 
Sahom 2 5 . 0 ( 5 ) 4 0 . 0 ( 8 ) 3 5 . 0 ( 7 ) 1 0 0 ( 2 0 ) 
Halt 1 7 . 6 ( 3 ) 7 0 . 6 ( 1 2 ) 1 1 . 8 ( 2 ) 1 0 0 ( 1 7 ) 
figures in brackets denote numbers of families, 
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TABLE M N . ? A BREAKDOWN OF FAMILY MEMBERS ON INDIVIDUAL SCHEMES. 
1969/71 
Scheme 
Number of persons per family 
Total 
Adult 
Employed 
on 
holding 
Children Employed off-farm 
Un-
employed 
F.L.D.A. 
Serampang 3.5 1.8 7.0 0,3 1,4 10,5 
Tenang 4.1 1.8 3,9 1,0 1.3 8,0 
Percha 4.3 2.0 4.1 0,7 1.6 8.4 
L.B.J. 4.6 1.4 4.9 0,4 2.8 9,5 
Awah 3.2 1.8 4.2 0.5 0,9 7,4 
Gedangsa 4.3 1.5 5.0 0.4 2.4 9.3 
State 
Labu 4.9 1.3 4.8 0.6 3.0 3.7 
Panchang 3.9 1.2 4.9 1.0 1,7 8.8 
Gerbang 3.6 1.9 4.2 0.2 1.5 7.8 
Menderang 3.1 1.8 4.2 0,9 0,4 7.3 
Dua 5.0 1.2 3.2 1.9 1.9 8.2 
Pepuyu 4.3 1.7 3.0 1,1 1.5 7.3 
Fringe 
Timbol 4.7 1.1 3.2 1.6 2.0 7,9 
Gentam 3.2 1.3 3.7 0.7 1.2 6.9 
Purun 2.7 1.2 4.0 0.5 1.0 6.7 
Beranang 4.1 1.1 4.6 0.9 2.1 8.7 
Beting 4.0 1.2 3.3 0.7 2.1 7.3 
Rambutan 3.2 1.1 3.2 0.4 1.7 6,4 
Sahom 3.5 1.3 3.3 0,3 1.9 6.8 
Halt 2.4 1.2 4.4 0,5 0.7 6.8 
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TABLE m 0 • AVERAGE MONTHLY LABOUR REQUIREMENTS OF RUBBER PRODUCTION 
ON INDIVIDUAL SCHEMES: BY WORK CATEGORY. 1969/71 
Scheme 
Mandays per acre Man-
days 
per 
farm 
Tapp-
ing 
Collec-
tion 
Rest-
ing 
Process-
ing 
Manu-
ring 
Mainte-
nance Total 
F.L.D.A. 
Serampang 2.40 1.00 0.23 - 0.03 0.98 4.64 37.12 
Tenang 2.61 1.21 0.21 - 0.03 0.65 4.71 39.09 
Percha 1.40 1.26 0.28 - 0.10 1.05 4.09 34.36 
L.B.J. 2.43 0.77 0.23 - 0.02 1.21 4.66 33.09 
Aw ah 2.60 1.00 0.21 - 0.07 0.60 4.48 34.50 
Gedangsa 0.98 0.44 0.21 - 0.04 0.45 2.12 15.05 
State 
Labu 2.04 0.81 0.16 - 0.04 1.42 4.47 27.71 
Panchang 2.06 0.62 0.13 - 0.03 0.78 3.62 22,44 
Gerbang l.OI 0.43 0.31 0.41 0.03 0.68 2.87 15.50 
Menderang 1.41 0.63 0.22 0.53 0.07 1.08 3. 94 26.79 
Dua 2.31 0.80 0.18 0.84 0.02 0.88 5.03 32.19 
Pepuyu 1.55 0.55 0.36 0.61 0.01 1.35 4.43 31.01 
Fringe 
Tirabol 1.87 0.72 0,29 - 0.15 1.01 4.04 15.76 
Gentam 1.83 0.70 0.33 0.74 0.01 0.95 4.56 13.68 
Purun 1.05 0.48 0.23 - 0.01 1.49 3.26 16.63 
Beranang 1.50 0.49 0.28 0.61 0.02 1.09 3.99 17.56 
Beting 2.06 0.89 0.31 0.60 0,04 0.75 4.65 15.35 
Rambutan 1.52 0.80 0.55 0.72 0.12 1.03 4.74 14.22 
Sahom 1.66 0.68 0.42 0.53 0,01 1.27 4.57 18.28 
Halt 1.31 0.57 0.26 0.62 0.02 1.65 4.43 20.38 
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TABLE M N Z E R O - O R D E R CORRELATION COEFFICIENTS A M O N G THE INPUT A N D 
OUTPUT V A R I A B L E S : BY TYPE OF SCHEMES 
Type of scheme 
F . L . D . A . (32)3 
Income 
Land 
T a p p i n g la-
bour 
M a i n t e n a n c e 
labour 
V a r i a b l e costs 
Fixed costs 
State (89) 
Income 
Land 
Tapping la-
bour 
M a i n t e n a n c e 
labour 
Variable costs 
Fixed costs 
Fringe (59) 
Income 
Land 
T a p p i n g la-
b o u r 
M a i n t e n a n c e 
labour 
Variable costs 
Fixed costs 
All (180) 
Income 
Land 
Tapping la-
bour 
M a i n t e n a n c e 
labour 
Variable costs 
Fixed costs 
Income 
1.000 
1 .000 
1.000 
1 .000 
Land 
0.313+ 
1.000 
0.403 
1 .000 
i<i<-k 
0.410** 
1.000 
0.692 
1.000 
*** 
Tapping 
labour 
Mainte-
nance 
labour 
V a r i a b l e 
cost s 
Fixed 
cost s 
0.140NS -0.388* 0.567*** 0.569*** 
0,187 -0.114 0.168 0.342 
1.000 0.310 -0.069 -0,111 
1.000 -0.331 -0.290 
1.000 0.876 
1.000 
0.27 0** 0.025NS 0.399*** 
0.252 0.038 0.251 0,472 
1.000 0.338 0.200 0.010 
1.000 -0.050 -0.026 
1.000 0.685 
1.000 
0.254+ 0.137NS 0.274* 0.411** 
0.295 0.447 0.092 0.290 
1.000 0.139 -0.095 -0.179 
1.000 0.122 0.143 
1.000 0.762 
1.000 
0.457*** 0.148NS 0.428*** 0.528*** 
0.539 0.311 0.270 0.450 
1.000 0.352 0.122 0.063 
1.000 0.003 0.057 
1.000 0.753 
1.000 
^ F i g u r e s in b r a c k e t s denote total number of holdings. 
N S d e n o t e s the c o r r e l a t i o n coefficients are not significant. 
+ d e n o t e s the c o r r e l a t i o n coefficients are significant at the 10 percent 
l e v e l . 
* d e n o t e s the c o r r e l a t i o n coefficients are significant at the 5 percent 
level. 
denotes the c o r r e l a t i o n coefficients are significant at the 1 percent 
level. 
d e n o t e s the c o r r e l a t i o n coefficient^ are significant at the 0.1 
percent level. 
The significance of c o r r e l a t i o n coefficients among the input v a r i a b l e s is 
not d e n o t e d . 
485 
TABLE MN.S ZERO-ORDER CORRELATION COEFFICIENTS AMONG THE AGGREGATED 
INPUT AND OUTPUT VARIABLES: BY TYPE OF SCHEME 
Type of scheme Income Land Labour Capital 
F . L . D . A . (32) 
Income 1 . 0 0 0 0 . 3 1 3 + 0 . 255 NS 0.582'^** 
Land 1 . 0 0 0 0 . 1 6 9 0 . 194 
Labour 1 , 000 -0.086 
Capital 1 . 0 0 0 
State (89) 
Income 1 . 0 0 0 0.403^'^** 0.284'"'^ 
Land 1 . 000 0 . 2 4 3 0 . 3 3 6 
Labour 1 . 000 0 . 1 9 4 
Capital 1 . 0 0 0 
Fringe (59) 
Income 1 . 000 0.410'' '* 0 . 2 62+ 0.310^^' 
Land 1 . 000 0 . 325 0 . 145 
Labour 1 . 000 -0.081 
Capital 1 . 000 
All (180) 
Income 1 . 000 0.692*'" ' ' 0 . 4 9 4 * * * 0 . 5 3 7 - " ' 
Land 1 . 000 0 . 536 
0 . 328 
Labour 1 . 000 
0 . 131 
Capital 
1 . 000 
All footnotes to Table GlO.4 also apply to this table, 
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TABLE G10.6 _ RESULTS OF ANALYSIS OF VARIANCE AS DERIVED FOR THE PRODUC-
TION FUNCTION STUDY: BY TYPE OF SCHEME 
Source of variation 
Degree 
of 
freedom 
Sum of 
squares 
Mean 
squares 
F. value 
F.L.D.A. 
Due to regression 3 0.350 0.117 5.522"* 
Residual 28 0.592 0.021 
Total 31 0.942 
State 
Due to regression 3 1.267 0.422 12.257'"'" 
Residual 85 2,929 0.035 
Total 88 4.196 
Fringe 
Due to regression 3 0.616 0.205 
Residual 55 1.769 0.032 
Total 58 2.385 
All 
Due to regression 3 5.560 1.853 5 9.890"^*'^ 
Residual 176 5.447 0.031 
Total 179 11.007 
Significant at the I percent level. 
Significant at the 0.1 percent level. 
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t a b l e m n 7 A 't* TEST OF THE DIFFERENCES BETWEEN THE MARGINAL VALUE 
PRODUCTS AND THE OPPORTUNITY COSTS: BY TYPE OF SCHEME 
Resource 
Type of scheme 
Total 
F.L.D.A. State Fringe 
Land 
Labour 
Capital 
0.321 NS 
1.956 + 
3.175 
0.872 NS 
3.177 
1.100 NS 
3.342 
1.597 NS 
3.483'"'^* 
NS Not significant. 
+ Significant at 10 percent level, 
** Significant at I percent level. 
The 't' value is given by 
"^Significant at 5 percent level. 
Significant at 0.1 percent level 
MP-OC 
Vf) where MP is the marginal value product of input X. OC is the opportunity cost of input X. Sj^  is the standard error of production elasticity of 
input X. 
Y is the geometric mean of income. 
X is the geometric mean of input X. 
TABLE Gll.l. RELATIVE RANKINGS OF LAND DEVELOPMENT SCHEMES ACCORDING TO 
THEIR COMMERCIAL MEAN B/C RATIOS AND NPVs 
Scheme 
Serampang 
Tenang 
Timbol 
Labu 
Panchang 
Percha 
L.B.J. 
Awah 
Gentam 
Purun 
Beranang 
Gerbang 
Menderang 
Pepuyu 
Dua 
Beting 
Gedangsa 
Rambutan 
Sahom 
Halt 
Ranking by B/C ratio 
67o 
1 
1 
5 
3 
4 
7 
5 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
17 
19 
20 
10% 
1 
1 
3 
4 
5 
6 
7 
9 
8 
10 
11 
12 
13 
15 
16 
14 
20 
17 
18 
19 
Ranking by NPV 
6% 
1 
2 
9 
3 
7 
5 
4 
6 
11 
8 
10 
12 
13 
14 
15 
16 
20 
19 
17 
18 
10% 
1 
2 
3 
4 
6 
7 
10 
15 
5 
13 
8 
17 
19 
18 
14 
9 
20 
16 
12 
11 
Based on Table 7.10 in Chapter 7 
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TABLE m i • ? EXPECTED MEAN SOCIAL B/C RATIOS AND EXPECTED MEAN SOCIAL 
NPVs DISCOUNTED AT DIFFERENT RATES OF INTEREST 
Social B/C ratio a Social NPV^ ($'000) 
D c neiue 
10% 147o 16% 10% 14% 16% 
Serampang ( 5)b 2. 03 1. 79 ( 4) ( 1) 870. 0 572 .6 ( 1) 
Tenang ( 4) 2. 05 1. 81 ( 3) ( 2) 862. 2 568 .9 ( 2) 
Timbol ( 3) 2. 14 1. 88 ( 1) (13) 139. 2 91 .0 (14) 
Labu ( 1) 2. 14 1. 87 ( 2) ( 3) 754, 5 495 .4 ( 3) 
Panchang ( 2) 2. 05 1. 78 ( 6) ( 7) 406, ,1 260 .4 ( 7) 
Percha ( 8) 1. 93 1. 71 ( 9) ( 6) 656, 3 429 .0 ( 4) 
L.B.J. ( 7) 1. 89 1. 65 (10) ( 5) 638. 5 404 .8 ( 6) 
Awah (11) 1. 83 1. 62 (11) ( 4) 651. 7 415 .4 (15) 
Gentam ( 6) 2. 01 1. 79 ( 4) (20) 69. 6 46, .3 (18) 
Purun (10) 1. 93 1. 72 ( 8) ( 8) 385. 2 252, ,6 ( 8) 
Beranang ( 9) 1. 97 1. 76 ( 7) (14) 141. 3 93. ,8 (13) 
Gerbang (12) 1. 81 1. 60 (12) (11) 252. 0 159. 5 (10) 
Menderang (13) 1, .80 1. 59 (13) (10) 276. 3 173. 8 ( 9) 
Pepuyu (13) 1, .66 1. 44 (15) (12) 201. 4 117. 7 (12) 
Dua (18) 1 .51 1. ,30 (18) (16) 108. 3 54. 8 (17) 
Beting (14) 1 .77 1, ,58 (14) (17) 108. 4 69. 6 (16) 
Gedangsa (20) 1 .40 1, .22 (20) ( 9) 283. 5 132. ,4 (11) 
Rambutan (17) 1 .59 1, .40 (16) (15) 122. 5 70. ,4 (15) 
Sahorn (16) 1 .58 1 .38 (17) (18) 74. 7 41. ,9 (19) 
Halt (19) 1 .49 1 .30 (18) (19) 57. 5 30, ,1 (20) 
^The estimates discounted at 10 percent are not presented here, since they 
have already been shown in Table 8.3 in Chapter 8. 
^Figures in brackets denote the relative rankings. The rankings at the 
discount rate of 14 percent are shown in Table II.1 in Chapter II. 
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Appendix H 
QUESTIONNAIRES 
H-1. SURVEY OF SETTLERS ON SELECTED SCHEMES, 1971 
Scheme Date 
Locality Holding No. 
Section 1. Settler-family 
1.1 Race Chinese 1 
Malay 2 
Indian 3 
1.2 What was your previous occupation? 
Tapper 1 
Padi farmer 2 
Odd job 3 
Ex-serviceman 4 
Others (specify) 5 
1.3 What is the total number of family members? / / 
1.4 What is the total number of adult members (16 years and above)? 
/ / 
1.5 What is the total number of children (below 16 years)"? 
/ 7 
1.6 How many adults are now working as tappers on the holding? 
/ / 
1.7 How many adults are now working off-farm? / / 
1.8 From which State did you come? 
1.9 What was your average income prior to joining the scheme? 
(a) Earned by yourself ($ per month) / / 
(b) Earned by other members ($ per month) / / 
1.10 When did you first become a tapper? 
1.11 What kind of settler are you? 
Owner operator 1 
Absentee owner 2 
Active supervising owner 3 
Non-active supervising owner 4 
1.12 What is the distance travelled by you from the house to the 
holding (miles)? y -j 
1.13 What is your most important crop other than rubber? 
1.14 Do you buy goods on credit? Yes 1 
No 0 
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1-15 How much do you owe the grocer now? / / 
1.16 Can you get provisions on credit from any local grocer without 
selling rubber to him? 
Yes 1 
No 0 
Section 2. Information on Holding and Tapping 
2.1 What is the area under rubber (acres)? / / 
2.2 What is the planting distance? I__ / 
2.3 What is the total number of trees per acre? / / 
2.4 What is the total number of tappable trees per acre? 
/ / 
2.5 Is there lallang on your holding? 
None 1 
Sporadic 2 
Sporadic/sheet 3 
Sheet 4 
2.6 What is the topography of your holding? 
Level 1 
Undulating 2 
Gentle slope 3 
Steep slope 4 
2.7 What is the average total number of tapping days per month? 
/ 7 
2.8 What is the usual number of tappers employed? / / 
2.9 What is the area tapped in a tapping day? 
Whole area 1 
One half area 2 
2.10 How often do you tap the area? 
Daily 1 
Alternate daily 2 
Others (specify) 3 
2.11 What is the area tapped by one tapper in a tapping day (acres)? 
/ 7 
2.12 What is the average number of trees tapped by one tapper? 
/ 7 
2.13 How much is the quit rent ($ per acre per year)?^ 
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Section 3. Labour and Material Inputs 
3.1 Labour Inputs on tapping, collection and processing: 
Work category 
Time (minutes per tapping day) 
1st tapper 2nd tapper 3rd tapper 
From house to holding 
Tap trees only 
Resting before collection 
Collect latex only 
Process only 
Transport used 
3.2 Labour inputs on maintenance: 
Work 
category 
Times 
per 
year 
No .of 
wo rkers 
each 
time 
No. of 
days 
each 
time 
No .of 
hours 
each 
day 
Area 
covered 
Paid 
No. 
worker 
$/day/ 
worker 
If 
contract, 
$ per 
acre 
Manual 
weeding 
Chemical 
weeding 
Manuring 
Disease 
control 
Stimulation 
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3-3 Inventory of holding (all tappers) 
I t e m s No . in 
use 
No.used 
each year 
Average life 
(mth/yr) 
Price 
Tapping 
Knives 
Sharpening stones (rough) 
Sharpening stones (smooth) 
Lamps/candles 
Latex collecting 
Latex cups 
Cup hangers 
Spouts 
Buckets 
Scrap bags 
Cup scrapers 
Transport 
Latex containers 
'Kandar' sticks 
Bicycles 
Bicycle tyres 
Bicycle inner tubes 
Maintenance 
Sprayer 
Pump 
Changkol 
Parang 
Axe 
Saw 
Fork 
3-3 Inventory of holding (all tappers) (cont'd) 
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Processing 
(for sheet makers only) 
Sieves 
Gauze 
1 
Buckets 
1 1 
Coagulating pans 
Stirrers 
Stencils 
Acid ($ per pikul) I 1 
3.4 Maintenance materials: 
I t e m s 
Times 
per 
year 
Quantity 
each 
time 
Price 
—1 
Area covered 
Fertilisers 
Weedkillers 
Disease control materials 
1 
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Section 4. Yield and Returns 
4.1 Rubber yield and return for year (from factory or GPC records) 
Month 
Latex (d.r.c.) Scrap 
Pikul Return" Pikul Return" 
January 
February 
March 
Apri 1 
May 
June 
July 
August 
September 
October 
November 
December 1— 1 
For smallholders selling sheet, obtain price per kati and the date of 
sale . 
4.2 Rubber yield and return for year (from factory or GPC records) 
Month 
Latex (d.r.c.) Scrap 
Pikul Return" Pikul Return-
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
"For smallholders selling sheet, obtain price per kati and the date of 
sale . 
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Section 5. Supplementary Income and Sources 
5.1 Supplementary income from fruit trees: 
C r o p No . Amount sold ($ per mth) 
Amount 
consumed Remarks 
Rambutan 1 
Coconut 
Durian 
Bananas 
Langsat 
Mangosteen 
Others (specify) 
5.2 Supplementary income from livestock: 
I t e m No . 
Amount sold 
($ per mth) 
Amount 
consumed Remarks 
Chicken 
Ducks 
Goats 
Cattle 
Buffaloes 
Others (specify) 
. . . . . . 
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5.3 Supplementary income from off-farm activities: 
Income Income per month Remarks 
Tapping 
Pension 
Wage employment 
Odd job 
Petty trade 
Others (specify) 
5.4 Supplementary income from other agricultural land outside the scheme; 
Crop Area (acres) Cash ($/mth) 
Amount 
consumed Remarks 
Rubber 
Padi 
Coconuts 
Dusun 
Others (specify) 
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Estate: 
Field No.: 
H-2. SURVEY OF YIELD ON ESTATES 
Date: 
Locality: 
Year planted: 
Planting material: 
Tapped area: 
Year opened: 
Soil series: 
Topography: 
Year 
Total 
latex 
Total 
scrap 
Total 
crop 
Yield 
per acre 
Tapped 
St.p.a. 
Tapping System, 
Stimulation 
Remarks 
1 
1 
St.p.a- ~ stand per acre. 
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H-3. FEDERAL LAND DEVELOPMENT AUTHORITY: YEARLY COSTS FOR 
SETTLER LABOUR, CASUAL LABOUR AND MATERIALS 
Scheme: Acreage: 
Year planted: No. of settlers: 
O p e r a t i o n 
Year Year 
Labour" Material Labour" Material | 
Total p.a. Total p.a. Total p.a. 
1 t 
Total p.a. 
1. Upkeep 
(a) Strip weeding I 1 
(b) Circles 1 
(c) Inter-rows ! 1 
2. Lallang 
(a) Spraying 
1 
(b) Wiping 1 1 
(c) Forking 1 1 f 
3. Other weeds 
(a) Spraying 
(b) Control 1 
4. Manuring 
(a) Rubber 
- • • • 1 
i 
(b) Covers 1 1 i 
5. Supplying 
(a) Rubber 
(b) Covers 
6. Survey/census 
7. Pest/disease 
8. Soil conservation 
9. Plants 
(a) Pruning 
(b) Preventive pruning 
(c) Wind/fire damage 
(d) Guy roping 
(e) Girth measurement 
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O p e r a t i o n 
Year Year 
Labour Material -k Labour Material j 
Total p.a. Total p.a. Total p.a. Total p.a. 
10. Timber removal 
in planted 
rows 
11. Roads/paths 
12. Bridges 
13. Drains 
14. Tree counts/ 
tappability 
census 
15. Boundary demar-
cation/ upkeep 
16. Tools 
17. Tapping 
18. Other works 
(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 
(h) 
T O T A L 1 
Indicate total casual labour cost in brackets 
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H-4. DEVELOPMENT COSTS ON STATE/FRINGE SCHEMES 
Type of scheme: Name of scheme: 
Name and address of contractor: 
Year of development: Date: 
Newplanting operations: 
I t e m $/acre Total amount 
(. 
Remarks 
Phase I 
1. Clearing 
2. Lining 
3. Terracing 
4. Holing 
Phase II 
5. Supply and maintenance 
of covers 
6. Manuring and maintenance 
of covers until 6 
months after planting 
7. Planting of rubber seeds 
8. Manuring of rubber plants 1 1 
9. Maintenance of rubber 
until 6 months after 
planting 
1 1 1 
1 
10. Budgrafting (c/success-
ful cut-back plant) 
Initial construction: 
I t e m Chain/no. Rate Total amount 
11. Fencing 
12. Drain construction 
13. Jeep track 
14. Culvert 
1 
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Material provided by State governinent: 
I t e m 
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 
$ (qty) $ (qty) $ (qty) $ (qty) $ (qty) $ (qty) $ (qty) 
15. Fertiliser 1 
1 ,1 
1 
16. Weedicides 
1 
1 
17. Others i 
i 1 ) 1 
Remarks: 
H-5. TOTAL ANNUAL DEVELOPMENT COSTS FOR STATE AND FRINGE SCHEMES 
Name of scheme: 
Area: Rubber 
Dusun/kampong 
Internal road 
Swamp 
Other 
Total 
acres 
II 
It 
Locality: 
Lots : 
Malay 
Chinese 
Indians 
Year started: 
Year opened: 
Premium: 
Quit rent: 
Loan repayment: 
Interest charge: 
Planting material: 
(a) Loan Fund: 
Felling, etc. development 
Terracing & lining 
Holing & planting rubber 
Fencing 
Drainage 
Tools & chemicals 
Survey fees 
Planting of cover crops 
& maintenance 
Internal road 
Total 
19 19 19 19 19 19 19 19 19 19 
Year 
0 
Year 
1 
Year 
2 
Year 
3 
Year 
4 
Year 
5 
Year 
6 
Year 
7 
Year 
8 
Year 
9 
Total Per acre 
v-n O NJ 
(b) Federal grants: 
Planting materials 
Labour for budgrafting 
Cover crop seeds 
Fertilisers 
Total 
(c) State funds: 
Quarters-cum-store 
Approach road 
Internal road 
Inspection fees 
Other 
Total 
(d) Remarks: 
19 19 19 19 19 19 19 19 19 19 
Total Per acre Year 
0 
Year 
1 
Year 
2 
Year 
3 
Year 
4 
Year 
5 
Year 
6 
Year 
7 
Year 
8 
Year 
9 
O 
